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ADVERTISEMENT, 



This Treatise contains a full account of the vari- 
ous External, Chemical, and Physical Characters 
employed in the descriptions of Minerals in my 
System of Mineralo^. It embraces not only the 
terminology of Werner, and other German natu- 
ralists, but also that of the celebrated Hauy ; and 
to assist the Student, I have given, along with the 
English terms, also the German^ French and La- 
tin. 

The history of this branch of Mineralogy from 
the time of Agricola, who published the first sy- 
stematic arrangement of the Characters of Mine- 
rals, to that of the more perfect methods of Wer- 
ner and Hauy, would afibrd ^n ppportunity of 
communicating much curious information ; but it 
is so extensive, that w^ tnust abandon it for the 
present, and r.e$t satisfied with the following eno- 
meration of the authors who have treated on this 

subject : 

• 'i 

1. Agricola, 
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CHAHACtERS OF MINERALS; 



jRltNEiux.8 are either Simple or Compbiind. Rock-cryi^ • 
tal is an example of a simple mineral, and Granite, which 
is composed of three different species, of a compound mi* 
neral. Oryctoghosy, oi' what has been Called Minefalogj, 
makes us acquainted with simple minerals; Greognosyi 
with compound minerals. 

Ih the following Treatise,^ we are to consider only the 
characters of Simple Minerals y those of Compound Mir 
nerals being treated ot in the Elements of Geognosy, 

The characters of Simple Minerab are of different 
kinds, vi2. External, Chemical, Physical^ Geognoiticalf an4 
Geographical. 

1. Ex\emal Character s^ — are those whieh we discover 
by means of our senses, in the aggregation of minerals^ 
and which have no reference to their relation to other 
bodies, or to chemical investigations. 

2. Chemical Characteray-^tt those which are afforded 
by the complete analysis of the mineral^ by trials with 
various re*agents, the blowpipe, and the pyrometer* 
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TABULAR VIEW 



OF THE 



DIITFEBBNT 6ENBRIC AND SfTBORDINATE SPMCIFfC 
EXTERNAL CHAKACTBRS. 



or 



SIMPLE MINERAL^- 



pENERAL GENERIC EXTERNAL CHARACTERS. 

L COLOUR. 

I. The differetU Chief or Pfincipal (^ 
A. WHiTt. Weiss. Blanc Albus. 

a, Snow^fthite. Schneeweiss. Blanc de ndge. Ki. 

yvo-albus. 

b, Reddish'tvhiie. B&thlichwe^s. pianc rougeatre. 

Bobescenti-albqs. 

c. Ydlofvuh-white. Gelblichw^iss. Blanc jaunatre. 

Flavescenti-albus. 

d. SUotr-wkUe. Silberweiss. Blanc d'argent Ar« 

genteo-albns. 
f . Greyish'wkUe. Graulich-weiM. Blanc griaatit- 
Canescenti-albibs. 

f, Greemsh'whUe. Griinlich-weiss. Blanc Terda- 

tre. Viridescenti-albus. 

g, MUk'fvhite. Milchweiss. Blanc de lait. Lac* 

teo^buB. 
h, Tin-fvhUe. Zinnweiss. Blanc d'todn. Stanneo- 
albus. 

B. Gb«t. 



B. Grey. Grau. Gris. Griseus. 

n^ Lead-^ty.: Blejgr^tu Cri^ de ploihb. Plum-* 
beo-griseus. 
». Common lead-grey. Gemeines Bkigrau. Gris 
de plomb eommun. 
.... A' Frf^h kadrgi^. Fri«^» bkignoi. /Orisr de 
plomb fraiche, ..:...- 
y. BlackUh lead^grey. Schwarzlich bleigrau. Gris 

de plomb noiratre. ^ 
d. Whiiisfi kadgreff^ .W^iftsligh (deigrau. Gris 
' de plomb- albatre. 
h> Bltush-gjrey. Blaulichgrau. Gris bleuatre. ^ Cq&- 
rulesceiiti-griscMs. 

c. Pearl-grey. Perlgrau, Gris de pcrle. Marga- 

ritino-gfnseu§. 
' d. Smoke-grey. Eauchgrau. Gris de fumee. Fir- 

moso-griseus, 
e. Greenish-grey, Grunlich^rau. ' Gris verdatre. 
Viridescenti-griseus. 

f. YeUowish-grey. Gelblichgrau. Gris jaunatre. 

Flavescenti-griseus, 

g. Ash-grey, Ashgrau. Gris de cendre. Cinereo- 

griseus. 
h. Steel-grey, StaWgrau. Gris d'acien Chalybeo^ 
griseus. 

\ Ck gjLAf j^. SchwarjR. Noir. Ni^er. 

a. Greyish-black, Grax^schyfj^^, Noir grisatrc. 

Canesceivti-m^rr. v 

* b. Iroftt-black, EisenscbwAr^ Noi|r de fer. Fer- 

reo*niger. ... 

e. Velvet black, l$ja^.9|et jK^,wiurz. . ^oir de irelours. 
.' AfrOrpiger. 

d. Fitch-black, or brownish-bktck, Bi;aunlichschwarz. 

l^Oir brmiatrc/ ftrMnpsWJtii'PiePr. . ■ 

e. Raven black, or greenish blfipjt, Rabenschwarz 

oder griinlich schwarz. Noir verdatre. Viri« 
descenti-niger. 

f. Bluish 



/ l^uhh'ilack. Smu)ichi»ch^rz. Ndr bleuatm 
Coerulescenti-niger. 

D. Blue. Blau; Bleii. iCo^l^ui. . 

a. ^tacttsiMtue. SchWar2liGli bla\i. Bleu noiratre, 

b. AzureMne, LazU^biaU. Bled tl'azur. Azureo- 
' •■•' ' cdjftilett&w ' .. . ■ ' 

c, Violet'bltie. Veildiehblau. Bleti Violet Violaceo- 

d. Lavender»blue. ' Icavetfdelblau. Bleu de lavande. 

Lavettdula-WeiliieuS. 
€. Plum blue, Pflaumenblau. Bleudepnine. Pm* 
* -^ Tnieroi-coertiietis* ' / . * 
/. Berlin^bhie, or Prussiih ilUh. bef Knerblau. "Sksm, 

de Prusse. Beroliho-coeruleus* 
g. Indigo-blue. Indigblau. Bleu (I'indigo. tndko- 

"coevuteus. ' - ' 

h. SmaU'blue. Schiha^bleii. Bleu 'de smalt Saiak 

tino-coertileus.* .... 

i. Duck-blue. EntenbTau. 

it. Sky')>tws. )FlitnmeIbIau. Bku de cieL ^Ccelesti- 

coeruleus* 

... . . . . > 

E. Green. Griin. Verd. Viridis. 

a: Verdigris-green, Spangnin. Verd dc gris, A- 

rugineo-viridis. '» 

h, "Celandine-green*. Seladongitiit. Verd 'celadon^ ou 

de men Celadono-cderuleus. 
€, Mountain green. Berggriin. . Verd de montagne* 

Montano-yiridis. 
' J. iLeek-green. 'Lauchgriin. Verd de poireau ou de 

prase. Prasino-viridis. 

e. ISmerald green. Schmaragdgnin, Verd emerauda 

Sraaragdino-viridis. , . 

Jf. jtpple-greeh. Aptogriih. Verd de pomme. Po- 
inaoee-viridis.' 

g. Grass 



g. Grass-green. Gnugriin. Vcrd de pre. Graml- 

neo-viridis. 
h. Bhckish'green. SchwarUlicbgriin. Verd noiratre. 
> Nigrescenti-viridis. 

t. PisUu)hio-green. Pistaziengiwi. Yerd de pistache. 

Pistacio-viridis. 
k. Asparagus-green, Spargelgnin. Verd d'aaperge. 

Asparngo-viridia. 
t OUve-'green. Olivengnin. Verd d'olive. 01iva« 

ceo-viridb. 
m. OiUgreen, Oelgriin. Verd d'haile. Olearia- 

yiridis. 
II. Siskin-green, Zeisiggnin. Verd serin. Acan« 

tbino-yiridiSf 

F. YSLLOW. Gelb.' Jaune. l^layus. 

a. Stdphur-ydlow. Schwefelgelb. iauiie dif totifiie* 

Sulphureo-flavus* 

b. BrasS'yetiow, Messingelb. Jaune de laitom 

Orichal oeo-flavus. 

c. Siraw^ydUw. Strohgelb. Jaune de paille. Stra- 

mineo-flavus. 

d. Bronze-yellow* Speisagelb. Jaune de bronze* 

^neo-flavus. 

e. Wax-yellow. Wachsgdb. Jaune de dre. Ce- 

reo-flavus. 
Jl Honey-yeUow. Honiggelb. Jaune de miel. Mel- 

leo-flavus. 
g. Lemon-yeliow. Citrongelb. Jaune de citron. 

Citrino-flaviis. 
h. Gold-yeUow. Gbldgelb. Jaune d'ar. AureOi* 

flavus. 
i Ochre^yeUow. Odcergelb. jaune d'ochre. Ochra- 

ceo-flavus. 
h. Wine-yellow, Wejngelb. Jaune devin* Vineo« 

flavlis. 
I Pea-yellow. £rbsen|^bf 

pi. Cream, 



m. Cream, or lioheUo'ytUiow. Iitttbelgelb. Jaune 
isabeUe. Isabelino-flavus. > 

#t. OrUnge-yeUow. Oraniengelb, oder Pommeranz" 
gelb. Jaune d'orange* Aurantic^flavus^ 

O. Red. Roth. Rouge. Ruber. 

a. Aurora or morning red. Mofgenrotb. Rouge 

d'aurote. Aurbreo^ruber. 
h. Hyacinth-red. Hyazinrofth. Rouge d'hyaciiithe 
ou ponceau. Hyacinthino-ruber. 

c. Tile-red. Ziegelroth. Rouge de brique. Late^ 

fitio- ruber. 

d. Scarl^red. Scharlachroth* Rouge ecarlate. Scar*' 

}atino-ruber.' 

e. Blood-red. Blutroth. Rouge de sang. Sangui<< 

neo-ruber. 
f- Copper-red. Kupferroth. Rouge de cuivre. Cu- 

preo-rttbef; 
g' Fksh^ed. Fleiscfaroth. Rouge de chair. Car«« 

fteo-ruber/ 
K Carmine-red. Karminroth. Rouge de carmin. 

Carmineo-ruber. 
t\ Cochineal-rid. Koschenillroth. Rouge de eoche 

nille. Coccineo-ruber. 
k. Crimson^red, Kermesin-roth* Rouge cramoisi. 

Ganneaino-ruber. 
L Rose^red. Roseuroth. Rouge rose. Roseo*ni- 

her. 
m. Peack-blossom-red. Pfirsichbluthfbth. Rouge de 

fleurs de pecher. Persicino-ruber. 
n.- Columbine-red. Kolumbinroth. Rouge colum- 

bin. Columbino-ruber. 
0. Chetry-red. Kirschroth. Rouge cerise. Cera- 

aiho ruber* 
p* Brownish-red. Braunlicbroth. Rouge bmnatre. 

Brunescenti-ruber. 

B H. BrowKt. 
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H. fiRoWN. Bjraun. Brun. BninU6«. 

a. BeddUh-brown. Rothlichbraun. Brun I'ouge- 

atre. Rubescenti-brunus. 

b, Clove-broftm. Nelkenbraun. Brun de girolies. 

Caryophyllino-brunus. 

c. Hair^brorvn. Haarbraun. Brun de cbevisux. 

Ccipillari-brunus^ 

d, BroccoU-brown* Kohlbraun. Bi'un de cbofu 

Bra«8ieHio*brunu8. 
€, CkesimU^bronfn. Kastanienbraun. Brun de cha«* 

taigne. Castaneo-brunus. 
yi Yellowish-brown, Grelblichbraiffl. Brun jaunatre. 

. Fkve$denti-brunusk 
g. Pinchbeck-brown. Tombackbraun. Brun de tom- 
bac. Tpmb^ino«-brunus. 
A. JVood'brown, Holzbraun* Brun de bois. Lig- 

neo^brunns. 
f. Liver-brown, Leberbraulib Brun de foie. He- 

patteo-bnmus. 
k. Blackish-brown, Scbwardichbrtaun. Brun noir* 

atre. N^rescenti-brunus* 

2. The Iniensity of ike Colours, Die hohe der farben. L'in- 
tensit6 des couleufB. Via colorum. 

A. Dark. Duhkel. Foncce, Obscurus. 

B. D£Ep. Hoch. Relev^e. Eminens. 

C. Light. Liclite. Claire, Claius. 

D. Pale. Blass. P^le. Pallidas. 

S. The Delineations, or patterns, formed by the colours. Die 
Farbenzeicbnung. Desscins^des couleurs. Pictura co- 
lorum. 
A^ D6TTRD. PuHQtirt. Pointille. Punctati. 

B. Spotter. 
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B. Spottid. Gefleckt. Tachet6. Maculati. 

C. Clouded. Gewolkt Nuag^. Nubiformis, 
O.: Flambp. Geflaoimt. Flamb^. Flammei. . 
S. Striped. Gestreift. Rubanne. Fasciati. 

a. Straight. Gerade. Zoni$ rectis. 
(• Ring-shaped, Ringformig. Annulaire. Zoniscon- 
ceatricis notati.. 

F. Veined. Gea^ert. Veinc. Venati. 

G. Dei^^dritic. BaumfSimig. Dendritique. Dendritici. 
H. RuiNiFQRM. Ruinenformig. Ruiniforme. Ruinae- 

formes. 

4. The Tarnished Colours. Angelaufencn Farben. Colileura 
superficielles. Colores superficiales^ — are distinguished, 

A. According H) their origin* :EBBtehttng. Origine. Otjgo. 

a. In the bosom of the ^rth^ Sogleich auf der Lager« 

statte. 

b. On the exposition of the recent fracture to the action 

of the air. Bei oder auf jedesmaligen frisdien 
Brudie* 

B. According to the kind. Nach der Art der Farben. 

D'apres leur variations. Quoad aspectum. 

a. Merely simpleJ Einfache. Simples. Simplices. 
ec. Grey. Grau. 

y3. Black. Schwarz. 
y. Brown. Braun. 
^. Reddish. Rothlich. 

b. Many party-coloured together, (variegated). Meh« 

rere zugleich, Bigarr6es. Variegati. 
«. Pavonine, or Peacock-tail. Pfaueiischweifig, Queue 

de pavon. Pavonaceus. 
^. Iridescent, or Rainhon?, Regenbogenfarbig. Iris. 
* Ifidei. 

7. Columbine, 
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y. Cchifnbine,orPigeon^neeki Taubenhalsig. Gorge 
V de Pigeon. Columbinii. 

i. Tempered tfeel coloured, Gehartete stahlfarben. 
Acier treinp6. Chalibei. 

5. Tlifi Flay of the colours, Farbenspiel. Jeu de couleurs* 

Lusus colorum. 

6. The Changeability of the odours. Die Farbenwandlong. 

La mutability des couleurs. Variatio coldrum. 

A. On the surface, (^observed by looking in different direc* 

lions on the mineral.) Auf der oberflache beim da- 
raufseben. A la surface. In superficie. 

B. Internally, (by looking through it.) Inwending Ijeim 

durchsehen> ^ Tinterieur. Intus. 

7. The Iridescence, Das Irisiren. Observed by 

A. Looking on the mineral, 

B. Looking through it, 

p. The permanent Alteration of the colours. Die Farbenve:* 
rand'erung. Alteration des couleiirs, |ilutatio colo? 
rum. 



PAR- 
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PARTICULAR GENERIC EXTERNAL 
CHARACTERS. 



1st. 

PARTICULAR GENERIC EXTERNAL CHARACTERS OF SOLID 

MINERALS. 



I. The EXTERNAL ASPECT. Das aiissere Anse- 
hen. Aspect externe. Asp^ctus cxternus. 

L The External Shape. Dif^ aiissere Gestalt. Figure ou fonne 
externe. Figura externa. 

1. CouuoK external shape. G«meine aiissere Gestalten. Fi- 
gure commune. Figura externa vulgaris. 
A. Massive. Derb. Massive. Compactum? 
'Bf Disseminated. Eingesprengt. Dissemin^. Inspersum. 

a. Coarsely., Grob eingesprengt. En grosses parties* 

Crasse inspersum. 

b. Minutely. Klein eingesprengt. £n petites parties. 

Minuscule iiispersum. 

c. Finely. Fein eingesprengt £n fines parties. Mi- 

nute inspprsum. 

C. In angular pieces. In eckigen Stiicken. En morc^ux 

anguleux^ ou en cailloux. In frustis angulosis. 

a. Sharp-cornered. In frischeckigen Stiicken. A bords 

tranchans. Angulis integris. 

b. Blunt'Comered. In stumpefeckigen Stiicken. A 

.bords emouss^s. Angulis obsoletis. 

D. Ingrains. Kdmcm,*— rffVttfcrf, ^ 

a. With regard to size. Grbs8e^-*tit/o^ 

«(. LargCs 
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^,' Large. Graupich. Tres gros. Grandiniformibus* 
/S. Coarse. In groben Kbmern. Gros, Grandibus. 
y. Small. In kleinen Kbrnern. Fetits. Grandius- 

culls. 
^. Fine, In feinen Korncm. Fins. Minutis. 
i. With regard ta the exacter determination of the 

shape. 
a. In angular grains, Iii eckigen Kornern. Angu- 

huTC, Angulosis. 
fi, Injlattisk grains. In platten Kbmcm. Applatis. 

Compressis. 
y» In roundish grains. In rundlichen K5rnern. Avr 

rondis. Rotimdis. 
tf With regard to connection with odher minerals, 

«. In loose grains. In losen kbmern. £n grains isol6s. 
fi. In imbedded grains. In eingewachsenen Kbmern. 

£n grains implant^s, 
y. In superimposed grains^ In au%ewftcbseneii Kbr- 
nern. £n grains surposes. « 

E. In plates. In platten* £n lames. In laminis. 

«!. In thick plates. In dicken platten. Eptisses. 

Crassjs* 
h. In thin plates. In diinnen platten. Minces. Te>« 
nuibns. • 

F. In membranes or flakes. Angeflogen* En couelie su- 

perficieiie. Superficiale. 

a. Thick, Dick angeJSogen* Epaisse. In membrani& 
crassiusculis. 

h. Thin. Diinn angeflogen. Muice* In membranis 
tenuibus. 

c. Very thin^ Zart'-Atigeflogen. Tres ounce. In mem- 
branis tenuissjms* 

3. Pauticular 
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. Tarticvlxr exlemal shape. Besondere aussere Gesta^ 
ten. Formes exterieures imitatives. Figurie externa 
singulares. 

A. Longish^ Langliche. Alongeefi. Longinsculflb. 

n. Dentiform, Zatfanig. Dentiibnn6. Dentiformis. 
b. Filiform. Drathformig. Filiforme. Filiformis. 
e. Capiltary. Haarf5rmig. Capillaire. Capillaris. 

d. Reticulated, Gestrickt. Tricot6 ou en reseau* 

Retifoimis. 

e. Dendritic. • Baumf ormig. Dendritiforme. Defi* 

dritic9. 
fi Coralliform or coraUaidaL Zackig. Coralli(brm£« 

Coralliformia^ 
g, StalactUic, Tropfsteinartig. Stalactifbrme. Sta« 

Jactitica. 
h. Ctflindrieah Rohrenformig. Cylindrique. Tubu« 

losa. 

f . Tubiform, PfeifenKArig. Tubiforme. Fistulosa. 
k. Claviform. Kolbenf drmig. Claviforme. Clavifor- 

mis, 
/. Fruticose, Staudenfdrmig. £n buissons. Tm* 
ticosa. 

B. Roundish. Runde. Rondes. Rotundas. 

a. GlobfUar, Kuglich. Globuleuse. Globulosa* 

fc. Perfect globular or spherical, Sphferisch. Sfbe^ 

riqu«. Sphserica. 
/3. Imperfect globular. Unvolkommen kuglich. 

Spherique imperfait. 
7* Ovoidal or eliptical. EUiptisch. Ovoide ou 

eiliptiquc. j^lliptica. 
). Spheroidal. Spheroidisch. Splierique applati 

ou spheroidal. Sphaeroidea. 
tk Amygdaloid. Mandeiformig. Amygdali&rme. 

Aniygdalbi4ka. 

h, BotryoidaL 
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b. BotryoiddL Traubich. Uviformes. Uvaefonnis* 

c. Beniform. Nierf drmig. Reniforme. Renifor- 

mism 

d. Tuberose. KnoUig. Bulbeux ou tuberculeux. 

Tuberosa. 
t. Fused'Uke, Geflossen. Coul^. Liquata vel fusa. 
a Flai. Platte. Plattes. Planae. 

a. Specular. Spieglicb. Speculaire ou miroir^. 

Specularis. 

b. In leaves. In blattchen^ En feuilles ou bractees. 

Bracteata. 
D. Cavernous, Vertiefte. Creuses. Excavata. 

a. Cellular. Zellich. Ceilulaiie. Cdiulosa. 
«. Straight or angido^eUular. Greradzellig. 

1. Hexagdndl. Sechs^citig* 

2. Polygonal. Viellsekig; 

fi. Circ'Uh-cellular. Rundzellicfa. 
1. ParalleL Gleichlaufend. 
S. Spongiform^ Schwamfdrmig. 
8. Indeterminale. Unbestimint. 
4. Double. Doppelt. 
h Impressed. Mit Eindriicken. Avec des im* 

preintes. Impressa* 
su With impressions of crystals. 

u. Cubical. Wurflichen. Cubiques. Vestigiis 

cubicis. 
fi. PyramidaL Piramidalen. Pyramidales. Pyx 

jTamidalibus. 
y. Tabular. Tafelartagen. Tabuliformes. Ta« 
bulsformibus. 

b. With impressions of particular external shapes. 

tt. ConicdL " Kegelf ormtgen, Coniques, Conicis. 
y3. Globular. Kuglichen. Spheriques. Globoi 

sis 
y. Reniform. Nierfonnig. Beniforme. 

c. Perforated* 
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€. FmforatetL Durchliidbcrt. CiibK. Perforata. 

d. Corroded. Zerfressen. Cari^. Corrosa. 

e. Amorphous. Ungestaltet. Infonne. Maii8tni08& 
1^ Vehicular. Blasig. BuUeuse. Bellulosa. 

^.Entangled, Verworren. Emmelees. Implicata. 
a.IUmo9e. Astig. Rameuse. Ramosa. 

3. Regular External Shape^ or CryddlUaaiion. RegelmUs- 
sige aussere Gestalten. Formes exterieures reguli^res, 
on cristallisations. Figurae extems regulares, 9eu crys- 
tallisationes. 

A. The genmnenes*. Die wesentUchkeit Essentiality. Es- 

sentialitas : according io mkkh, cryttab art either, 
a. True. Wesentliche. Vrais cristaux. Vera crystal- 
lisation — or, 
b. Supposititious. Aftercrystalle. Pseudo-cristauz. 
Pseudo-erystallL 

B. The shape. Die Gestait Forme des cristaux. Fi- 

gura crystaDorum. 
i ar Which is made vp of 

•• PUmes. FlacheiL Faces. Plana. 
0. Edges* Kttiten. . Bords. Matgiaes. 
y. An^. Ecken. Angles. Apices, srnd 
i. In nMch is to he ohserved, 
«. TheJitndametUalJigure. DieGrundgeaUlt. Forme 
prindpale ou deminante. Figwa fundamentalis. 

(i.) The parts of which are, 

1« Planes, either 
K. Later aL Seitenflachen. Faces laterales. 

Plana lateralia, or 
B. TenmndL Xndffiichim. Paces termi* 
nales. Flana tenoiQaliA. 

^. Edges. Kanten, either 

C ' M.. Lateral 
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A.TjOHiral. Seitenkanten. Bords lateraux. Margine» 

lateralesy or . 
ft. TemwuU. . Endkantien. Bords termihaia. Margt* 

nes terminales^ and 

Si. Angles. Ecken, 
Xii-) The kinds of fundamental ^figure, which are 

1. The icasahedron. Icosaeder. Icosaedre. Icosa«dnim. 

2. The dodecahedron. Dodecaeder. Dodecaedre. Do- 

decaedrum. 
S. The hexahedron, Hexaeder. Exaedre. Hexaedrum. 

4. The prism. Saule. Prisme. Prisma. 

5. The pyramid. Pyramide. Pyramide. Pyramts. 
€. The table. Tafel. Table. Tabula. 

7. The lens. Linse. L^ntille. Lens. 

(iii.) The varieties of each lAnd<f fundamenUU figure, in pOtr 
ticular, according to 

U Simpliciiy. Ekifaeheit. Simplicity. Simpljcitas : 
fvfuch distinction is, hofvever, coined to the ptframid, 
as occurring either 

A. Sin^i^. sEinfadi. Simple. Sim^ex, which is either 
a. Erect. ' Recfats.' Droite. ' Ei-ecta. 
-h. Inverted. Verkehrt ttenvereee. Inversa, or 
&. Double. Doppelt;. Double. Duplex^—aiuil then 
a. The lateral planes of the one pyramid setonthela* 
iero/ planes of the other, either, 
tL. Straight. Gerade. Droite, or , 
ft. Oblique. Schief. Biais, or 
h. On the lateral edges of the vHher. 

B. Numbers of the p^nes; here tve have to observe 
A. 3!%e species ff the planes. . Ait der Flachen. £s- 
pece dos faces, as 

. a. In 



v^In^ihe prism and pyramid the lateral planes are 

different, and 
6. In the tables the terminal planes. 
8. The number of them, according to which they may 
be, either 
a. Trihedral, or three-sided. Dreiseitig. Trilatere* 
6. Tetrahedral, or four'Sided. Vierseitig. Quadri- 
latere. 

c, Hexahedral, or six-sided, Sechseitig. Sextilatere. 

d. OctaheSral, or eight-sided., Achtseitig. Octola- 

tere. 

3. Proportiotial size of the Planes to one another,^ Ver« 
baliius der Flaehen in Ansehung der Gr^sse zu ei«* 
nander. Grandeur des faces relativement les unes 
aux autres. Proportio planorum respecta magnitu- 
dinis.. 

A. Equilateral. Gleicbseitig. Faces eg^Ies. Plana e- 

qualis. 

B. Jfifh unequal planes. Ungleichseitig. Faces ine- 

gales. Plana inaequalia : either 
a. Indeterminately unequaL Unbestimmt. Irregu- 

lierement inegales^ or 
h. Determinately. Bestimmt. Regolierement in« 
egales^ — which are 
ci. Akemately broads and narrow. Abwechselend 
breitere und schmaieret Ahernalayement 
larges et etroites. 
fi. Two opposite broader planes. Zwei gegeniiber- 
stehende breitere Seitenflachen. Deux faces 
larges opposees. 
y. Two opposite planes narrower. Z«^i gege-* 
nuberstebendeschmalereSeitenflachen« Deux 
faces etroites oppos^^ 
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4. The Direction qf ike Facet or ike Pbnes. Richtung dtr 
Flachen. Forme des &ce8.^ Directio phmoruro^ which is 

A. Rectilinear or Hraighi. GeradflSchig. Fhme. Rectipla* 

na^ or 

B. Curvilinear. Krummflachig. Courb6. Curviplaiuu — 

These differ parihf by 
a. The position of the curvature. ^Nacb der Lage der Knim- 
mung. Position de la courbure. Situs^ — being 
•• Concave, EinwarUgekrummt. Concave. Concava. 
/8. Convex, Auswarts gekrummt. Convex. Convexa» 
y. Concavo-convex, £in und auswarts geknimmt^ — 
andpstrtkfby 
ft* The shape, Nach der Gestalt Espcce de courbure* 
Figanp^'^nMch is either 
«• SphericaL Spbarisdk 
fif Cylindrical Cylindriscb. 

(K) The convexity parallel with the length or breadth 
qf the sides. Die Convextitat mil den Seiten- 
flachen gleicblaufend, — or 

(2.), The convexity parallel with the diagonal. Die 
Convexitat ^it den Diagonale'gleichlaufend. 
V* Conical, Conisdi. Conique, Conica. 

JL The Angles wufer which the Planes meeU Winkeln, unter 
wekdien die Flachen zuzammcnstossen. Angles des faces 
entre elles. Quantitas^ angulonun :^4hese are either 

Aw T^e lateral edges. Seitenkantenwinkel. Bordslate- 
raux. Anguli marginales laterales^— -fvAficA are 
a. Equiangular. Gleichwinklich. Equiangles* iB- 

quales. 
bs Unequiangular, Versehiedenwinklich. Inegaux. 
Diversi : or 

B. The^ 
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M, The Urminai etlge9. EndkantenwkAet. Bords ter*^ 

minatix. AnguH marginales terminales, — tvfiick 

are 
a, RecUngular. Recht. Rectangules. Recti : or 
h. ObUqtte-angular, Schief ; and this 

flk Parallel ohUque. Gleichlaufend Sc&ief. 

)3* Aliemate oblique. Abwechselnd Schief. 

c. The svmkU angle. Endspitsenwinkel. Angle so- 
lide du sommet ou p<»nte. Anguli apiciSj^^mhich 
maybe 

a. Uncommonly obtuH, Ausserst stumpfe oder 

flache. Extremement pbtus. 

b. Ferif' obtme, Sehr flach oder stumpfe. Tre» 

obtos. 

c. Obtuse. Flach oder stumpfe. Obtus. 

d. Rather obtuse. Ein wenig flach oder stumpfe. 

Un pen obtus. 

e. Rectangular. . RechtwinklicI]. Rectangulaire. 

J. Rather acute, Ein wenig spitzig oder scharf. Ua 

peu poiDtu. 
g. Acute. Spitzig oder scharf. Pointu. 
h. Very acute, Sehr spitzig oder scharf. Tre» 

pointu. 

f. Uncammoaidy acute. Anssert sdiarfe oder spitzig. 

Extremement aigus* 

I 

6. The Maonitudb of the Angles. Grosse der WinkeL Va- 
leur des angles. 

7* Plenitc7P£ <^ the Crystals^ V&ile ^'n Ciystalls. Pleni- 
tude des cristaux. Plenitudo crystailorum,— -€t<Aer 

A. Full YoYL PIcin. Picnic 

B. Excacateiat the Mxtremitks. Aiisgeholt an den En- 

den. Creuse ^ Textremit^. Termiuii^ excavatae. 

C. Hollow. Hohl. Vuide. Cavae^ 

(iv.) The 
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(iy.) The aUeraltent of the Fundatnenial Figure take place by 
L The truncation. Abstumpjfung. Tnmcature. l*run. 
catura. — Here we have to consider 

1. The part^ of the truncation. Die Th^iie der Ab- 

stumpfung. Parties de la troncature. Parte^l^ 
truncaturee.— 7%e^e are 

A. The planes cf the truncation. Abstumpfungs- 

flachen. Faces de la troncature. Plana trun- 
caturae. 

B. The edges of the truncation. Abstumpfiingskan* 

ten. Bords de la troncature. Man-gines tnin- 
cati. 

C. The angles of the truncation.' Abstampfungsec- 

ken. Angles de la tronc.^ Apices truncaturs. 

2. The determination i^ the truncation. t>ie Bestim- 

mung der Abstucbpfung. Determination de la 
troncature. Det^rminatio. truncaturse^ — which re* 
lates to 

A. The placing of the truncation, or its sititation. 

Ort Place de la troncature. Locus. 
a. On the edges. An den Kanten. Aux bords. 

Marginibus. 
h.On the angles. An dea Ecken. Aux coins. 
Apidbus. 

B. Magnitude of the truncation, Starke oder Grosse. 

Orandeur de la troncation. Magnitudo. 

a. Deep. Stark.* Forte. .Multum truncatum. 

b. Slight. Schwacb. Leg^re. Parum trunca- 

tum. 

C. The setting on or application qf the truncation. 

Aufsetzung. Position relative de la troncature. 
ApplicatiD planomm. 

a. Straight 
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Vt. Straight. Gecade^ Droite. Recta applicata. 
b. Oblique. Schief. De biais. Obliqud appti* 
cata. 

. D. The Directum of the Truncating Planes. Die Richtung 
der Absumpfungs Flache. Forme de la troncature. 
Directio planorum^ — wliich are 

a. Rectilinear. Geradflachig. Plane. Rectiplana. 

b. Curvilinear, or raitnded off. KrumflUchig. Courbe. 

Curviplana. 

II. The BevebnefU or Cuneature. Zuschrafiuog. Biaellement 
Acumen. Here we have to consider : 

1. The parts of the befodmeni. Theile de Zuscharfung; 
Parties du biaellement. Partes acuminis.. These are, 

A. The planet of the benehnetit. Die Zuscharfungfl'a- 
chen. Faces. Plana acuminis. 

H. The edges of the bevelmeni. Die Kanten der Zu- 
scharfung. Bords. Mar^neji. 

a. The proper edge. Die eigentliche Zuscharfungs-' 

kante. Bord form6 par les deux faces du biselle- 
identv Proprii acuminis ; and 

b. The edges formed by the bevdUng and lateral planes. 

Die Kanten zwischen den Zusch&rfungs-und« 
seitenflachen. Bord form^ par les &ce8 du bi«- 
sellement et les autres. Margines inter planum 
acuminis et lateralia. 

C. The angles of the bevetmeni. Die Zuscharfungsec* 
ken. Coins. Apices acuminis. 
% The determination of the bevelmeni, Bestimmung. De- 
termination du bisellement. Determinatio acuminis. 
Here we have to observe, 
A. 'The situation, Ort. Place du bisellement Locus. 
a. On the termindt'planes. Planis terminalibus. 

b.On 
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h. On the edges. An den Kanten* Aux bords. Mar- 

giaibus; and 
c. On the angles. An den Ecken. Aux coins. Api- 

cibus. 

B. The magnitude. Die Starke, Grandeur du biselle- 
r ment. Magnitude. According to which, it is either 

a, Deef, Stark. Fort. Multum^ or 
hi SUght, Schwach. Legdre. Parvum. 

C. Th^ angle, Der Winkel. Bord propre ou angle 

simple forme par les faces du bisellement. Angu* 

lus ficuminis. 
a, ObtOse, Flath. CNbtus. Obtusus. 
h. Hectangular, Recbtwinklieh. Beetangulairc. Sect- 

angulus. 
e. Acute, Scharf. • Aigu. . Aciitus. 

D. The umfmnUyn Die Fortdauer. 
a. Uniform, Ungebrochen. 

h. Broken. Gebrochen. Frtictus. 
», Once brocken. Einmal gebrochen. 
fi. Twice brocken. Zweimal gebrochen, 

E. The )[^tplicaUoH. Bie Aufsetaiwgy Position rel«f- 

ttve dtt biseUeiaent. Applicatiou 
a» (^ ihe bevdmeni Oseff. jyi% .Zuscharfung selbst. 
Position clu l^isdlenoieQt. ActtsOifiisipsius. Which 
isiothsr 
m., Straight* Gerade. Droit Becta^ or 
fi. Oblique, Schief. De biais. Obliqua. 
I. (if the planes,. Flaehcn. Celle des Hseaux. Pla- 
norum. . 
«. On t)^ lateral planep Auf die Seitenflaehen. 

Sur les &ces laterales. Ad plana lateralia. 
it. On fhe lateral edges, Sur les bprds lateraui;. 
Ad margines latendeg. 

in. The 
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IIL The Acuminaiion. ZuspitzuDgV 
Here rve have to consider, . 
1. The parts of the acuminatian: Die Theile de Zuspitziingr 
Parties du poihteident. Plutes mticronis : tvhich are 

A. Acumiriating planes. ZvLspiizungiB'ichen. Faces. Plana* 

i^. Edges of the Acumination. Zuspitzungskanten. Bords. 
Mttx^nes, which are eitker 

a. Acuminating edges. Die eigentliche Zuspitzungs- 
kanten. Bords du pointement mSmei 

k. Terminal edges of the acuminatian^. Die Endkanteil 
der Zu$pitzung. Bord terminal du pointement. 

e. Edges Jbrmfid by the acumnaiing and lateral edget. 
Die Kanten^ welche die Zuspitzungsflachen mit den 
Seitenilacfaen machen. Bords que les faces du 
pointement font avee les autres. 

C. The acuminating angles: Die Ziftpitzungsecken. Coin^ ' 
du poinfement. , Apices. 

a. The angles hetfteen the acuminating pldnes, and the 

lateral planes ^ the JundamentalJfgUre. 

b. The temiined dr summit angle, 

9. The determining the acuminatian depends on observing, 
A. TJic sUuaiion of k. Ort. Place du pointement. Lo- 
cusj either 

a. On the angles. An den Eclcen. Aux coins. Api- 

cibus> or 

b. On the ^rmities. An den £nc(en. Aux &ces ter- 

minales. Terminis. 

JB. The acuminating planes. Die Zuspitzung^achen* 
Faces du pointement Plana, 
a. Their number. Deren Anzahl. Leur nombre. Nu* 
roeru!$. 

p h. Their 



26 

t. Their propartumalmagmiudebetmf^n themtdoes. De- 

ren VertbaltnissmUssige grosse gegen einander. 

Grandeur relative eatrt eiles. Magnitudo mutua. 

«• Their shape. Deren Gestalt. Leur contour. Fi- 

gttra» ekher 

«. Determinate. Bestinunt. Regulier. Determi- , 

nata^ or 
fi, Indetertninate. Unbestimmt Irreguliere. In- 
determinata. 
d. Their selling on. Die Anfsetzung. Position. Ap- 
plication either 
^. On the lateral planes. Auf den Seitenflachen. Sur 
les faces de la forme simple. Ad plana latera- 
lia, or 
fi. On the lalerai edges. Auf die Seitenl[«nten. Sur 
les bords de la forme simple. Ad margines la- 
twalefr, 

C, The summit angk. Dcr Winkel der Zuspitzung. Bord 

du pointement Angulus : which is 

a. Obtuse. Flach. Obtus. Obtusus. 

b. Rectangular. Eechtwinklfch. Rectangulaire. Rec- 

tus. 

c. Acute. Scharfwinklich. Aigu. Acutus. 

D. The magnitude. Die Starke. Grandeur du pointe- 

ment Magnitudo : according to which, crystals are' 
a. Deeply acuminated. Stark. Fort Multum mucro- 

natum -or 
b* Slightly acuminated. Schwach.* Faible. Parum 
mucronatum» 
£. The termitialion. Die Endigung. Termination du 
pointement. Tenninatio: as the acumination may 
terminate 
a. In a point. In einen Punct. Un point. In punc* 

turn: or 
h. In a line. In eine Linie. Une ligne. In lineam. 

IV.Tke 
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IV. The Diidsiott of the Planes. TheiluDg der Flaeben. 

1. The number, £U into two, three, four, or xix compartments, 
ft. The direction of the dividing edges, 

a. In the direction of the diagonoL 

b. From the middk part of the plane towards the angles 

and edges, 

V. Multiplied alterations, Mehrfachen Veranderung der Gnind- 

gestalt : which occur in certain crystcds, and which are e%» 
ther 

1. Co-ordinate. Nebeneinandergesctzt^ or 

2, Superimposed, Ubereinandergesetzt. 

For the more exactly determining a crystdBiss/otian^ may be ad- 
joined the general determination of its planes ; and then 
«. The number of the planes in general, and of each species 

in particular ; and 
ySL The shape of each species of plane, must be.given^ 

Besides these, in describing a crystallization, theJbUowing may 
be (^served and adjoined : ' . 

a. The choice of different modes of describing one and 
the same crystallization. 

The principal or most essential form of a cry$talliza* 
tion wiU be, however, determined 
tt. By the larger planes, 
/3. By the greater regularity, 
y. By its mosifrequeni occurrence, 
' X By its affinity with the other fundamental forms 

of the same fossil, . 
u By the suitability and adaptation to the alterations 

which occur in the crystal suite or crystaBiza* 

tion; and 
^' By thegrcater^ simpUcity, 

h. The 
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i. The tranthunu which arise Jrom thence, 

«. Thai the netp or alteraiittg flanes became graduaUy 
larger, at the expence of certain pretwue planes, 
which are at length wholly obliterated, 

/8. Sy alterations taking place in the proportion of the 
planes between tltemselves, 

y. By alteration of the angles. 

9, By eonvexily, and 

%, 'By aggregation* 
c. Obstacles which prevent, or at least render the exact dc" 

termination of certain crystals difficult, are occasioned 

«k Their obliquity. Verscfaobens^n. * L'alloQge- 

ment. C^liquitaff planorum et angulorum. 
fi. Their incorporation, Verwachsenseyn. fincor* 

poration dans un fossil. Coalescentia. 
y. Their being broken, Verbrpchenseyn.. Breches. 

Ruptura^ and 
^. Their too great minuteness. Die zu gross Klein- 

heit. La trop grand petitesse. Nimia parvitas. 

p. The Magnitude of the Crystals. Die Grd^se der Krystallen. 

a« WUk regard to their absolute magnitude, crystals are 
divided into, 
«« Uncommofdy large. Ungewdhnlich gross. £x« 

tremement grand. Exjmie grandes, 
fi. Very large. Sehr gross. Tres grand. Pergrandes. 
y. Large. Gross. Grand. Grandes. 
i. Middle^zed. Von tnittlerer grosse. Moyenn^ 

grandeur. Mediocriter grandes. 
t. Small. Klein. Petit. Parvae. 
^. Very smalL Sebr klein. Tres petit. • Minute* 
19. Microscopic. Gsaz Jkleio. Tout . petit Minuet. 
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^. In describing the relative magnitude of the cfyHale. Die 
relative Grosse. La grandeur relative, <—l^e Jblhwing 
ierms are used : 

(m.) In describing the prism* 

a. In regard to length, 

, aa. Short or low. Kurz oder niedrig. Coptt. 
hh* Long or high. Lang oder hoch. Long. 

b. In regard to breadth and thickness, 
aa. Broad. Breit. Large. 

bb, Acicular. Nadelfdrmig. Aciculaire. 
ce. Capillary. Haarfdrmig. Capillaire. 

,^.) In describing the pyramid. 

a. In regard to length. 

jaa. Short or Urn. Kurz oder Niedrig. Court. 
j&6. Long or high. Lang oder hoch. Long. 

b. In regard to breadth and thickness, 
aa* Broad. Breit Large. 

bbm Subulate. Spiessig. Subul^. 

(y.) In describing the -table. 

a. In regard to length and breadth. 
fta.Longish. L'anglich. Long. 

b. In regard to thickneu. 

aa. Thick. Dick. Epaisse. 
hb. Thin. Diinn. Mince. 

Q.y Crystals, in which aU the dimensions are alike, are nanfed 
Tessular. 



p. The 
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Tht AUackmeni of the Crystals. Der Zusammenhang der 
Krystallen. Le grouppement ou Tadherence des cristaux 
entre eux. Aggregatio crjstalloram. According to which 
they may be either 

a. Solitary. Einzeln. Separes. Solitaris; and this again 

«. hoose. Lose. Isol6 ou solitaire. Solutes. 

./3. Imbedded. Eihgewachen. ImpIaDte. Innatae> or 

y. Superimposed, Aufgewachsen. Superposd. Adnatae. 

. h, Aggregated, Zusammengehauft. Groupcs aggreg^s. 
Conata^ either 

(«.) A determinate number growing together in a deter" 
minate manner ; 

1. With respect to Number, 

i. Pair^ise, (twin crystals,) Zwillingscrystalle. 

Jumeaux. Gemellce* 
ii. Three together, (triple crystals,) Drillings- 

crystalle. Jumeaux triples. Tergeminae. 
iii. Four together, (quadruple cryetals.) Y^eriings- 

crysialle. Cristaux quadm^es. 

2. With regard to the manner of their connection. Zu« 

sammenfiigung. 

i. Intersecting ont another. DurcheLQandergewach- 

sen. 
ii. Penetrating one * another, Ine]nandergew|ch- 

sen. 
iii. Adhering to one another. Andnandergewach- 
sen. 

()8.) Many together, hut merely simply aggregated. Ein- 
&ch zuMunmengehauft; either 
L On one another. Aufefnander. Les uns sur lea 
autres. Superimpoiitie. * 

^Sid^ 
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In longhh CryS" 
iaU. 



ii. Side by side. Aneinander. Les una k coUs 

des autres. Adpositse, or 
iii. Promiscuously* Durcheinander gewachsen. San9 

ordre. Decussatee. 

(y.) Many together, doubly aggregated. Mehrere dop- 
pelt ziisammengehauft. Plusieurs cristaux doiible- 
ment aggreg^s. Plures dupliciter connatffi. The 
most remarkable are, 

i. Fascicular or Scopiform. Buchelfbrmig* 

£n faisceau. Fasciculatim. 
ii. Manipular or Sheqf'like. Garbenrdrmig. 
iii. Columnar. Stangenformig. En barres. 
iv. Pyramidal. T^yramidaL En pyramides. 
Pyramidaliter. 

7. Bud4ike. Knospenformig. Enboutons. 
Gemmseformiten 



In tabular Crys^ 
tals. 



In roundish or 
iessuUtr Crys* 
tals. 



vi. Bose'Uke. Rosenformig. En rose. Rodae- 

formiter. 
\Yn. Amygdahidal. Mandelfonnig. Enaman- 

des. Amygdalorum instar. 

Tiii. Globular. Knglich ou kugelf drmig. En 
boule. Globos^. 
». In rows. Reihenformig. En rayes* 
Ordinatim. 

X. Sealarrvise aggregated. Treppenformig. 
En escalien 



4. EXTRAKEOUg 
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4. ixTnASEovst^lemal Shape. (Petrifactions.) Fre*6t- 
dartge aiissere Gestalten ; Versteinerdngen^ 

Ai From ike Animal Kingdcm, 

tt. Of quadrupeds. Saugthieren. 

h. of Birds, Vogelri. 

iO. Of amphibious animals. Amphibien. 

d. (yfjishes. Fischen. 

e, Ofinsecls, Insecten. 

jT* Of Shells. Schaalthieren, as- 
* Univalves^ 
i. Belemhites* 
ii. AmmonOes, 
iii. Turhinites. 
iv. Stromhiles, S^. 

•* Bivalves. 
i. Chamites. 
ii. Terebratulites. 
, iii. Mytuliies. 
iv. Gryphites, 
V. Ostracites, ^&. 
**• MuUivalves. 
i. Balanites, ic. 
gm Of crustaceous animais, as' echinit^s, asterites^ ^c. 
A. Of cofals, as madri^poritei^ reteporites^ encrinites^ 
entrochites^ &c.. 

B, From /Ae Vegetable Kingdom, 
a. Impressions of plants. 
&• Petrified wood* 

II. The 
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tl. The J^jOemal Surface. Die aiissere Oberfliiche. La sur- 
face exterieure. Superfieies extenm. 

1. Uneven. Unebeo. Inegale. InflBqualis. 

2. Granulaieji. Gekomt. Granulee. GranatL 
^. Rough, Rauh. Apre. Aspera* 

4. Smooth. Glatt. Lisse. Lfievis, 

6t Spr^ikhedi Gestreift. Strlee. Striata* 

, A. Simply streaked^ Eilifach gestt-eifti SiiUpIement 8tri^» 

Simpliciter striatcu 
' it. LongUudinaUy. In die queere gestreift. £n traverse 
LittitudiDfiiter. 
h. Transverse^ In die iange g^treift. 
c. JHagemaUy. Piagonaliten Diagonalement. Dia« 

gonatiter. 
d.AUemaiefy. Abwechselend gestreift^ Ray^. Altem^ 

%»' Doubfy ^Ihaked. Doppelt ge^treifij ^ Doublement 
stri^. Dtiplicit«r striata^ 

A. Plumiformly. Federartig. En barbes de {>Iatnes. 

Pennatintii 
hi Reiiculafly. Gestf-ickt gestreift En tricot. Iteti« 
culatim. 
6« Drusy. Drusig. Drusique. Drusica. 

IIL The EMemal Lustfe^ ' Der aUssere Cbuii. L'eclat exte- 
rieur. Nitor externus. 

I. The intensify of the lustre. Starkes des ^9B2es. Inten^ 
8it6 uu degr^s de l'eclat. Gradus nitons. 

Here we have to determine the following degrees : 

A. Splendeid. Starkglanzend. Tres ecktant, Mul- 

tdm riitens. ^ 

B. Shining, Glarizend.. Eclataitt. Nitens. 

E C. Glislening. 
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C. GUsUnuif. Wranigglanzend. Peu eclatant Fa-- 

rum nitens* 

D. Glimmeritfg. SehiHunmid. Brillant ou trem* 

blant Micans* 
£• DulL Mat Mat Nitons expers. 

2. The sort ef lustre. Art des Glanzes. £spece d'eclat 
Species nitoris. 

A. MeialUc lustre. MetaHischer Glana^ Eclat metal* 

lique. Nitor metallicus. 

B. Comnum lustre. Gemeiner glanz.: lehick is distiri'- 

guished into 
a. SemmetdOia. HalbmetalHscher Glanz. Demime^ 

tallique. Semimetallicns. 
h. Adamantine. Demahtglanz. Didadant. Adamaa- 

tinus. 
e, Pearly, Perlmutterglanz. Kacre. Margaritinus. 

d. Resinous. Fett^anz. Cireougras. Cereus. 

e. Vitreous. Qlas^^anz. Vitreux. Vilreus. 

II. The aspect of the practure^ Bruchan- 
sehcn^ Aspect de la cassqre. Aspfectusia* 
ternus. 

rV. The lustre of the Fracture, as in the External Lustre. 

V. The Fracture. . Der Bnich. La cassure^^ou la surface in - 
terieur. Fractura,— ^ii^Atc4iirfy 

1. The following variUies, 

A. The compact Jracture. Dichte Bruch. Dense. 
Dens&^-^This is, 
a. Splintery. Splittricb. £cailleuse. Festucosa. 
«. Coarse splintery. Grobsplittrich. A grandes 
ecailles* Festucis majusculis. 

fl. Small 
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^. SmoB spUniery. Kleinsplittrich. A petites ecailles* 

Festuds minusculis. 
y4 Tine tpH$Ueiy, Fein splittrig. A ecailles fines. > 

6. Even. Eben, Egale ou unie. iBqualis. 

e. ConckoidaL MuscHIich. Concoide. Conchaeforinis. 
«. With respect to- size. Nach der Grosse. D'apr^s la 
grandeur de concavit^s. Respectu magnitudinis. 
i. Large conchoidal. Grossmuschlicli, Tres evas^. 

Grandiuscula. 
iu Small conchoidid. Kleinmuschlich. Feuevas^l Mi- 
nuscula. 
jS. With regard to depth. Nach der Tiefe. Prbfondeur du 
cavit^, 
1. Deep conckoidak- Tief- muachlich.. A cavites pro« 

fondes. 
ii. Flat conchoidal. Flach inusdilich. A cavites plates. 
y. With regard to perfection. Nach d^r Auszeicbnung. 
D'apr^s la perfection des concavit^s. Respectu per- 
fectionis. 
i* Penfect conchmdal. Volkommen muschlich. Parfait. 
Perfecta. 
. ii. Imperfect eomduHdid. Unvoikonunen muschlich. 
Imparfait. Imperfecta. 

d. Unevjen. Uneven. . Anguleuse pu inegale. InsequaUs. 
«. Coarse grained. Von grobem Korne. Grandes inega- 

lites. Grano grandi. 
^3. SmaB grained. Von kleinem Korne. Petites inega- 
lit^s. Grano nunusculo. 
^ y» Fine grained. Von frinem Korne. Fines inegahtls. 
Grano minuto; 

4. Earthy. Erdig. Terreuse- Terrea. 
et. Coarse earthy. Grpberdrg. 
fi. Fine earthy. Feine^rdig. 

Ji Hackly. Hakig. Crochu. Hamata. 

B. Split 
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B. SjpUt fracture, Gespaltener Bpich. 

UO Fibrous Practure. Der fasriche Bnich. Fibi«iuef 
, Fibrosa. Here n>e have to observe, 

a. The thickness cf thejihres. T>ie Starke der Faaem. 

Epaisseur de$ ^bres. Cras'sities fibranim. 
«. Coarse Jihroi$s. Grobfasrig. Grqsses fibres. Fi- 

bris crassiusculis. 
^8. Delicate ^brous^ Zartfasrig. Miners fibres. Fi- 
bris tenuibus. 

b. The directum of the fbres. Die Bichtuiig der Fa- 

sem. Formes des fibres. Directio fibranim. 
«. Straight Jibrous. Oeradfiutrig. Droites fibreif. 

Fibris rectis. 
/3« Curved Jibroue. Krummfasrig. Gourbes fibres^ 
Fibris corvis. 
cr. The position of the JSbrm» Die Lage der |*asem. 
Position des fibres. Situs. 
«k Parallel jArous. Gleicblaufend fasrig. Fibres. 

paralleles. Fibris parallelis. 
it. Diverging Jtbrous. Auseinanderlaofend fasrig. 
Fibres divergentes^ .Fibris divergentibus. 
i. SteBular. Stemr<irmig. ^ etoilles. Stella- 

tim« 
11. Fascicular or scopiform. ^uschelf drmig. En 
faisceatix. Fasciculatim. 
7. Promiscuoiis. Unter oder duix^heinanderlailfend 
fasrig. Fibres crois^s. Fibris decussatis. 

(h.) The RadiaUd Frwsiute. Der straUicb BnidL Bagr- 
on^ Radiata. Here we have to determine 
a. The breadth of the ra^. Die Breite der StiBhlen. 
Largeiir des rayons. Latitudo radionim, , 
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M* Ufuymnumlg broad radiaUi. A)u»erar4entli€b 
breitstrahtich. Tres larges. Radus^eximie k« 
tis. 
fi. Broad radiated. Brei^tr^blich. Larges. Radiii 

latis. « 

y. Narrow radiated. Schipalstrahlich. Etroits. Ha- 
diis arctis. 
k. The directum qf the rays. Die Eichtung Aer Strab- 
len. FQrme 4e9'niyons. Pirectip. 
«. Straig/U radiated, Genidstrablich. Droits.' IU« 

diis rectis* 
^. Curved radiaUd, Krum^^atrahlidi- Cooibes. Ba* 
diis curvis. 
e. The foekion of the rays. Die Lage der Stiahlem 
Position des rayons. Situs. 
«. FaraUd. Gleidilaufend. Paralleles. Badiis p^- 

rallelis. 
^. Diverging, .^ussinanderladend. Divergens. Ba« 

diis. divergentibtts. 
, i. StdMasu Stemfonnig. En entoiles. Stelli|« 
tim. 
11. Faedc^r or ecopiform. Buschelf ormig. En 
^ faisceaux. Fasdculatim. 
y. Fromiecuoue. Untereinanderlaufend. Crois6s on 
entrejac^. Badiis ^ussatis. 
d. The passage of the rags, or cleavage. Der Durch* 

gang der Strahlen* Direction des rayons* 
e* The aspect of the rays s$trface. Das Ansehen der 
strahlichen Flachen» Aspect de &ce8 rayonnte* 

((D.) The Foliated Fracture. Der Blattiich bnich. Feuillet6e. 
' Y/mnel jo sa. 

af The size of the/oUor Die Grdsse der BKUter. Gnn^ 
m^r^T^eur des feuiUets. Blsgnitudo lamdlanioi. 

b.Tk9 
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^. The degree of perfeclion qfthe foKated fiadure. Die 

Volkomttienhett. Perfection de la cassure feuillet6e. 

Pcrfectio. 

«. Highly perfect, or tpeculoi' spiendeftt, Hoclist 
volkommen oder spiegelfl'achig blattrich. Tres 
parfaitement feuilletee. Perfectissime laniellosa. 

fi. Perfect foliaied. Volkommen blattrich. Parfaite- 
ment fetiiiletee. PerfedtS lamellosa. 

y. Imperfect foliated. Unvolkommen blattricb. Im- 
parfaitement feuilfet^e. Imperfect^ lamellosa. 

3. Concealed foliated, Versteckt bl&tuich. Feuille- 
tee cachee. Conftis^ lamellosa. 

c. The direction of the folia. Richtung., Forme des feu- 

illets. Directio. 

«. Plain foliated. Geradblattrich, ^roits. Recta. 
^. Curved foliated, Krummblattrich. Courbfes, 
Curva. . 

i. Spherical^ Sphsrisch. I^herique. Sphfe^ 

rica. 
ii. Undulating. WellenfSrmig. Ondiile. Undu- 

latim* 
iii. Floriform. Blumig-blattricb. Palme. Flori- 

formiter, 
iv. Indeterminate, Unbestimmt, Indeterroin^. In- 
delerminatae. 

d. The position of the foj^. Die Lage der Blatter. Posi- 

tion des Ibuillets, Sitiis^ 

«. ConmtmfoUated. Gemeinblattrkk. 

fi. Scafy foliated, Schuppigblattriobi 

€. The aspect of ike surface of the foUa. Das An^ehen 
der Blattrichen Frache. 
M. Smooth, Glalt. 
fi. Streaked. Gestr^i&t 

/.The 
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/« The passage cf the folia or deavage. Der Dnrchgang 
der Bldstter. Clivnge ou dir^ioa des feuillets. 
Meatus Jamellarum. 

«. The number of ike cUavageB, Zahl der Durchgange; 

i. Single, Einfach. Simple. Simplex. 

ii. Twofotd, Zweifacfa. Double. Duplex. 

Wl Threefold. Dreifach. Triple. Triplex. 

iv. Fourfold. Vierfach. Quadruple. Quadruplex* 

V. SirfM^ Sechsfach. Sextuple. Sextuplex. 

/3. The angle under which these cleavages intersect one 
another, Durchschneidungs winke]. 

. y. The greater or, lesser degree of perfection of each clea^ 
vage. Die mehr oder mindere Yolkomnienheit 
jedes Durchgangcs. 

{d.) The Slaty' Fracture, Schiefr^e Bruch. Cassure schisteuse. 

a. Thickness, Starke. L'epaisseur des feuillets. 
R, Thick slaty, Dickschiefrig A feuillets epais, 
b. Thin slaty. Dunnschiefrige. A feuillets minces^ 

h Direction. Jl^htung. La directton des feuillets. 
a. Straight dafy, Gemdachiefng. A feuillets plats, 
'b. Curved daty* Kimmmschiefrige. A feuillet» 
courbes. 
aa* Indeterminate curved slaty, 
bb. Undulating curved slaty, 

c. Perfection. Volkommonheit. La perfection. 

a. Perfect slaty, Volkommen scliiefrig. Parfaite* 

b. Imperfect slaty. Unvolkommen schiefrig. In)- 

parfaite. 

d. Cleavage, Durchgang. Les sens des feuillets. 
aa« Single, Einfach* Simple. 
hb^Doulde, Zweifach. Double. 

2. Wlicre 
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t.tVhefk n&erul fracture9 occur tUthe same time, tkeif 
relative sUmUian must be observed, as 

A. One imchtdiHg the other; Fracture in the great* 

Bradi im grossem ; and in the smalt, Bruch im 
kleinen. 

B, One traversing the other; Longitudinal and trans^ 

verse fracture. Langebruch und Queerbruch^ 
Cross fracture* Queerbruch. 

VL The Shape of the tragiMnis. Die Gestalt der Bruch- 
stucke. Forme des fragmens. Figura fragmen-^ 
torum. 
1. Hxgular fragments, Regelmassige Bruchstiicke. 
Fragmens reguliera* FragmenU regularta. 

A. Cubic. Wiirfliche. Fr. Cubiques. Fr. Cubica. 

B. Rhombddal. Rhomboidalische. Fr. Rhein* 

botdaux. Fr. Rhomboidalia. 
a. Specular on every side. Auf alien Seiteii 

spiegelnd. Toutes les* faces miroitantes* 

Omnibus lateribus micantibus. 
&• Specular . on four sides. Auf .zwei Seiien 

spiegelnd. Deux faces miroitairtes. Duo- 

bus lateribus micaittibtts. 

C. Trapezoidal. Trapezoidiscbe. Fr, Trapzoi-* 

des. Fn Trapezoidea. 

D« Three-sided pyramidal, and octahedral. Drei« 
seitjg pyramidale und ocfaedrische. Fr. Te» 
traedres et octaedres. fr. Pyramidalia et 
ociaedra* - .-> 

%. DodecahedraL Dodecaedriscbe. Fr. Dode« 
caedres. Fr. Dodecaedra. 

Jij. Irregular 
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2. irregular fragments, ^ tlnregelmassige Bruchstiicke. 
Fr. irreguliers. Fr. irrcgularia. 

A. Cuneiform, Keilformige. Fr. cuneifonnes. Fr. 

cuiidforifiia^ 

B. Splintery. Splittfige. tt. esquilleux. Fr. fes- 

tucaefot'mia. 

C. Tabular. Sdieibenformige^ Fr. en plaques. Fr. 

orbiciilaria. 

i). Indeterminate angular^ Uhbestimmt ^ckige* Fr. 
indeterihin^s. Fr. indeterminata. 

a. Fery sharp-hedged. Sehr scharf kantlge. A borda 

tr^s aigiis. Marginibus peracutis« 

b, Sharp-edgedi Scharfkantige. A bords aigiis* 

Marginibiis actitis. 
e. Rather blunt-hedged. £in wenjg stuxnpf kantig* 

A bords peu aigus. A^arginibus parum acutis* 
d* Ehnt^edged, Stumi^kantig. A bords obtus* 

Marginibus obtusis. 
€. Very blunt-edged, . Sehr stumpf kantig. A bords 

tr^s obtus. Marginibus peiobtusis. 



III. TH£ ASPECT OF THE DISTINCT CoNCRETlONS. 

Das absonderungs Ansehen. Aspect des 
pieces sepaf6es, Aspectus partium segre- 
gatamra. 

VII. The Shape of the Distinct Concretions. Gestalt der ab- 
V gesonderten Stiicke. Forme des pieces separes. Fi«* 
•gura partium segregatarutn. 
1. Granular distinct Concretions. Komige abgesonderte 
Stucke. Grenues. Granulosae : which differ 

F A. In 
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, A. In^ shape. In der Ge^lt. Diversite des formes des 

grains. Figura,— iam£ this in 

a. Round granular. Rundkornig. Grains arondis. 

RotundsB. 

«. Spherical, Sphxrisch. Spheriques. Sph^ca?. 

/8. Lenticular. Linse&fdrmig. Lenticulaires. Len* 

ticulares. f 

y. Date-shaped. Dattel-formig. Dactyliformis. 
i. Angulo-granular. Eckigformig. Anguleux, An- 
gulares. 
«. Common granular. Gemeihkomig. C^dinaires. 

Vulgares. 
fi. Longish granular, Longk&mig. Longues. Lqn- 
giusculas. 

B. /» magnitude. In ^er Grosse. Grandeur des pieces 
separ^es grenues. Magnitudo. 
a. Large granular. Grosskornig. Tr^s grandes. Gran- 

des. 
6. CoarH granular; Grobkomig. Grandes. Majus* 

. culse. 
c. Fine granular, Feinkornig. Fines. Minutas* 

2. Lamellar distinct Concretions. Schaalig abgesonderte 
Stiicke.' Lamelleusesou testacies. Testaceae, — which 
differ 

Af In the direction of the lameUce. Riclitung. Diversite 
, des formes des lames. Directio. 
a. Straight lamellar. Geradsehaalig. ' Planes. Rectse. 
i»« Quite straight. Gansgerad. Entierement planes. 

Perfecte rectae, or 
/J. FortificatioTis^wise bent. Fortificationsartig gebo- 
^ . gen schaalig. En zigzag. Instar munimen- 
torum. 

i. Curved 
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b. Curved lamellar. Krummschaalig. Courbes. 6iir- 
vae, 
«. Indeterminate curved lamellar, Gemein krumm- . 
schaalig. Injieterminees. Vulgariter. 
' )3. Eeniform curved lamellar. Nierf drmig gcbogen 
schafilig. £n rognons. Reniformiter. 
7. Concentric curved lamellar, Concentrisch echaa* 
lig. Concentriques. Concentric^. 

1. Spherical, Sphaerisch. Spheriques. Sphae« 

rico-concentric^. 

2, Conical. Coniscb* Copiques. Conico-con« 

centri, 

B. In tJie thickness. In der StSrke. Epaisseur des lames* 
Crassities. 

a. Verif thick lamellar, Sehr dickschaalig. Tr^sepau- 

ses* Crassse. 

b. Thick lamellar, Dlckschaalig. Epaisses. Cra8$v- 

usculae. 

c. Thin lamellar. Diinschaalig. Minces. Tenues. 

d. Very thin lamellar. Sehr d.iinschaal^g. Tres min« 

ces. Tenuissimse. 

3, Columnar distinct Concretions. Stanglich abgesonderte 
StUcke. Colonnaires. Scapiformes : which are distin- 
guished 

A. According to the direction. Nach der Richtung. Con- 

tournemcnt des colonnes. . Direction into 
a. StraigM columnar. Geradstanglich. Droites. Rec-* 

tSB. 

' b, Cumed lamellar, Krummst'anglich. Q>iiibes. Cur* 
vae. 

B. With regard to thickness. Starke. Epaisseur des co- 

lonnes. Crassities, into 

a. Very 
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«. Very thick columnar, Sehr dickt Tres epaisses et 
grandes. Columnares. 

h Thick cdunmar. Dickstanglich. Epaisses. Crassse. 

C' Thin columnar, ov prismaiic. Diinnstanglich. Min- 
ces. Tenues. 

d. Very thin columnar or prismatic. Sehr dunnstang- 
]ich. Tres minces. Tenuissimse. 
C. With respect to shape, Gestalt^ into 

a. Perfect columnar. Volkommen stanglich. Parfaites. 
Perfect^. 

h. Imperfect columnar, Un volkommen stanglich. Im- 
parfaiteSk Imperfect^. 

V' Cuneiform columnar, Keilf 5nnig stanglich. Cunei- 
fprmes. Cuneatim. 

d, Ray^shaped columnar, . Strahlf ormig st'dnglich. 
p. According to the position, Lage^ itUp , 

a. Parallel, * Gleichlaufend. 

b. J)iverging, Auseinanderlaufend. 

c. Promiscuous, Untereinanderlaufend. 

4. In several minerals, two qf these varieties, or different 
sizes of the same variety qf distinct concretions, occur 
together, either 

A. The one including the other, or 

B. The one traversing the other, 

VIII. The Surface qf the distinct Concretions, Absondenings- 

flache. Surface des pieces separces. Superficies par-4 
tium segregatarum. 

1. Smooth, Glatt. Lises. Lsevis. 

2. Rough, Rauh. Rude*ou apre. Aspera. 

3. Streaked, Gestreift. Stride. Striata. 

4. Uneven, Uneben. Raboteuse. InaBqu^lis. 

IX. The Lustre qf the distinct Concretions. Absonderungs- 

glanz, — is determined in the same manner as the external 
lustre, 

IV. General 
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-IV. General aspect* Allgeineines Anselien. 

X. The Transparency. Durchsichtigkeit Transparence* 
• Pelluciditas. 

The degrees are, 
l» Transparent. Diirchsichtig. Diaphane. J3iapha« 
nutti, either 

A* Simply transparent. Gemein diirchsichtig. Dia* 

pbane simple. Vulgare. 
B. DupUoating transparent. Verdoppelnd durch* 

sichtig. Diaphane double; Duplicans. 

2. Semtransparent. 'Halbdurchsichtig. Semidiaphanef 

Semidiaphanum. 
S, Translucent* Durchschein^d. Transparent. Trans* 

parens? 
4* Translucent at the edges. An den Kanten durcfa- 

scheinend. Transparent auxbords. Marginibus 

transparenSf 
5. Opaque. Undurchsichtig. Opaque. Opacum. 

The Opalescence. Das Opalisiren. 
A» Common or Simple Opalescence, Das gemeine Opa^ 

lisiren. 
B. Stellular opalescence. Das stemf ormige Opalisi* 
ren. 

XL The Streak. Der Strich. Raclure. Rasura, is either 

a. In regard to colour : it is either 

a. Similar to that of the mineral, Gleich. De mhne 

couleur, or it is 

b. Dissimilar. Verscbieden* Du couleur different 

h.In 
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6. In regard to lustre : it remains " 

9. Unchanged. Unverandert. De meme eclat. 

b. Is increased in intensity, Kimmt zu. Donnant 

de I'eclat, 

c. Is diminished in intensity. Vermindert. Diminu- 

ant de Teclat. 

XII. The Soiling or Colouring, Abfarben, T^chure, Tinc- 
tura^ bif which minerals 
1. Soil. Abfarben^ either 

A. Strongly. Stark^ or 

B. iSUghlltf. Etwas, or 

t. Do not soil. Nichtabfarben. 
3. Wriie. Screibend. 



V, Characters for the Touch. 

XIII. The Hardness. Die Harte. Durete. Durities. The 
^ degrees are 

1. Hard. Hart. Dur. Durum. 

A. Resisting the JUe. Wird von der Feile gar nicht 

angegrifien. Resistant k la lime. Lims ncn 
eedens. 

B. Yielding a little to the JUe. Wird wenig angegrH*- 

fen. Cedant un peu a la lime. Limse parum ee- 
dens. 

C. Yielding to the JUe. Wird von der Feile stark an- 

gegriffen. Cedant a la lime. * Limae eedens. 

2. Semihard. Halbhart. ' Demi'dure. Semidurum. 
^3. Soft. Weich. Tendre. Molle. 

4. Very soft. Sehr weich. Trcs tendre. MoUissimum. 

XlV.The 
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XI V. The Tenacity. Festigkeit." La ductility. DuctiTitaf. 

T/je degrees of which are 

1. Brittle. Sprode.. Aigre. Fragile. 

2. Sectile or mild* Milde. Traitable. Lene. 

3. Ductile. Geschn^eidjg* Mailable. Ductile. 

XV. The Frangihility. Der Zusammenhalt. La tenacity. 

Tenacitas. 
1. Very difficultly frangible, Schr schwer 2erspringbar« 

Tr^s tenace. Tenuissimum. 
2.\Difficultly frangible. Schwer zerspringbar-- Tenace 

Tenax. 

3. Not particularly difficultly frangible, or rather easily fran^ 

gible. Nicht sonderlich schwer zerspringbar. Peu te- 
nace. Non multum teaax. 

4. Easily frangible. Leicht zerspringbar. Cassant facile- 

ment. Parum tenax« 

5. Very easily frangible. Sehr leicht zerspringbar. Cassant 

tres facilement. Valdc parum tenax. 

XVI. The Flexibility. ' Die Biegsamkelt. Tjcxibilite. Flexi;- " 

bilitas : according to whiph minerals are either 

1, miexible. Bicgsam. Flexible, and this either 

A. Elastic fiexible. Elastisch biegsaoL £kstiqa€* 

EJastic^, er 

B. Common flexible. Gemein biegsam. Ordinaire. 

Vulgariter, or 

2. Inflexible. Unbiegsam. Inflexible. Inflexibile. 

XVn. The Adhesion to the Tongue. Dans Anhangen an der 
Zunge. Le bappement a la langue, Adhsesio ad lia- 
gnam, the degrees of wldch are, 
1 . Strongly adhesive. Stark an der Zunge hUngend. Hap« 
pe beaucoup. Fortiter adhaeret. 

5. Pretty 
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2. TrtUy tlrongUf. Ziemlich stark. Assez. Mediocri- 

ter. 

3. Weakly, or somewhat, Etwas. Un peii. Aliquantum. 

4. Very iveakfy, or a Uuk. Wenig. Tres peu. Parum. 

5. Not at M, Gar nicht Pas du tout Nihil. 

^Vlll. The Unctuosity. Fettigkeit. Toucher au gras. Pin- 
guitudo. 

OfthU fve have ihejolhwing degrees. 

1* Very greasy. Sehrfett F'ort gras« PiUguissimum. 
. 2. Greasy. Fett Gras. Pingue. 
8. Bather greasy. Ein wenig fett Un peu gf as^ Pa- 
rum pii^gue. 

4. Meagre, Mager. Maigre. Macnxtn. 

XIX. The Coldness. Kalte. Frcnd. Frigus. 
With respect to which minerals are 

1* Very eM. Sehr kalt. Tr^ froid. 

5. Cold. Kalt. Froid. Frigidum. 

8. Pretty cM. Ziemlich kalt Mediocrement froid. Fri-i 

gidiusculom. 
4. Rather cold. Wenig kalt. Mediocrement froid. Pa* 

rum frigidiusculilm. 

XX. The Weight. Schii^ere. La pesanteur specifique. Gra« 

vitas. 
l.,Sfvimming or supernatant* Schwimmend. Sumageant. 

Natans. 
i. Light. Leicht Leger. Levis* 
8. N(d particularly heavy, of rather heavy. Nicht son- 
derlich schwer. Mediocrement pesant Parum gra* 
vis. 

4. Heavy 
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4. Hewiiy. Schwer. Pesailt, Grravis. 

5. Uncommofdif heavy. Aussefordeiitlich achwar. Trh 

J[>esafit. Ejltimi^ gravis. 

VI. Characters for the Hearixg. Kenzei- 

clien fiir clas Gehor. 

XXI. The Sound. Der Ton. Son. Sonus. The differ 
rent sorU of which occurring in the mineral king-^ 
. dom, are. 
1. A ringing sound. Klingen. Tintement Clangor. 
2.Agrating40und, Rauscfaen. Qniyemeiit. Strepitus.* < 

And 
3. A creaking sound. Knirschen. Crisseooent. Stridor* 

VIL The Smell. Geruc^i. Odeur. Odor. 

1. Sponiuneoudff emitted. Fiir sich. 

A. Bituminous. Bitumin5s. Bitumineuse^ Bituminosus. 

B. Fainify Sulphureous. Schwach .schweflich. Lege- 

rement sulphureuse. Sulf^ureus. 

C. Faintly hitter. Schwach bitterlich. Legerement 

amcr. Subamanis. 

2". Produced by breathing on it. Nach dem Anhauchen. 
£n y portant la vapeur de Texpiration. Adflatu. 
A. Clay-like smell. Thonigen Grerach. Argilleuse* 
ArgiUosus. 

5. Excited by friction. Durch Reibung. Par la frottement. 
Frictione. 

A. Urinous. Urinbs. Urineuse. Urinosus. 

B. Sulphureous. Schweflich. Sulphureuse. Sulphu<« 

ratus. 

G C. Garlick^smell. 
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C. GwrUclcMke^ or Arsenical, Knoblauchariig. Ail. 

AUiaceus. 

D. Empyreumatic. Empyreumatisch. Empyreume. 

Enipyreumaticus. 

VIII. Tafc Taste. Geschmack. Saveur. Sa- 
por. 

The varieties are 

i. Sweetish taste. SUdsalzig. Sal^e. Dulce salsus. 

S. Sweetish 4utringent. Sulzusamenziefaend. Adstrin- 

gente. 
8. Styfiic. tterbe. Acerbe. Stypticus. 

4. Saltly hitter, Salzigbitter. Salee am^re. Salso-ama<- 

rus. 

5. Sahfy cooling. Salzigkiihlend. Sal^ fraiche. Fri- 

gido-sabna. 

6. Alkaline, Laugenhaiift Alcaline. Lixiviosus. 

7. Urinous, Vtinbs, Urineuse. Urinosus. 



. lid. 
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PARTICULAR GEKERIC EXTBBNAL CHARACTERS OP FRIAMLE: 

MINERALS. Bksondbrb GVNBftifcaa KsviisKicBEir dbb siBEifBivaBX 

FoSSILIEK, 



I. The £:$ternai« Shape. Agsse^e Ges^alt, Figure ca^teriepre* 

Figura externa. ThU is 

1. Massive* Derb. Massive. Compactum. 

2. Diasemtnated, Eingesprcngt. Dissemin^. ' Inspenuin. 

3. Thinly coating. Als dunner uberzug. En croute mince. 

Supeiinductum. 
4i. Spumous. Schaumartig. Euecume. Spumaefonne; ami 
5. Dendritic, Baiunf ormig. Dendriti<)ue. Dendriticum. 

II. The Lustre. Glanz. Eclat. Niton - 

1, The intensity, Starke des Glanzes. Intensite de I'eclat 

Gradus nitons. 
A. Glimmering. Schimmernd. Tremblotant. Micans. 
]^. DuU. Matt Mat. Nitons expers. 

2. The sort. Art des Glanzes. Nature de Teclat. Species 

nitoris. 
A. Common GHmmering. Gerneih schimmernd. Ordi« 

naire. Vulgaris. 
By Metallic glimmering, Metallischschimmemd. Me- 
tallique. M^tallicus. 

III. The 
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JII. The Aspect op the Particles. Ansehen der Theilchcp. 
L'aspect des parties. Aspectus porticularum. 

1. Dusty. Staubige. Pulverulentes. Pulveriformes. 
52. Scaly. Schuppige. Ecailletise. Squampsas. 

IV. The Soiung or Colouring. Abfa^ben. La tachur^. 

Tinctura. 
1. Strongly. Stark. Beaucoup. Multum tingens. 
f. Slightly. Wenig. Pen. P^uiim. 

V. ThIe Friabiuty. Zerreiblichkeit. Fiiabilite. Friabilitas;. 

1. LoKAe. Lose. Incoherant. Non conglatinatae. 
*%. Cohering. Zusammengebacken. Coherant. Conglufi- 
natae. 



IIW. 
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IIM. 

PARTICULAR GENERIC EXTERNAL CHARACTERS OF FLUip 
MINERALS. Bbsondbrb oixbkibchv Kbmzbichbii dbk piinssioBii 

FOSSILIBN. 



I. The LusTRS. Glanz. Ei^at.* Nitor. 

1. MeUdlic. Metallispher. Metallique. Metallic^s• 

2. Common* Gemeiner. Ordinaire. Vulgaris. 

IL The Transparency. Durchsichtigkeit. Transparencef 
Pdluciditas. 

1. TTranspareni. Durchsichtig. Diaphane. Diaphanum. 

2. Troubled, pr tttrbid. Triibe. Trouble. Turbidqm. 
S. Opaque. Undurchsichtig. Opacum. 

Iir. The Fluidity. Flussigkeit Fluidity. Fluiditas« 

1. Fiuid. Fliissig. Parfiaite. Fluidum. 

2. Viscid. Zahe. Viscuse. Lcntum, 



EXTER^ 
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EXTERNAL CHARACTERS 
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SIMPLE MINERALS. 
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COLOUR. 



We begtn our description of the External Characters of 
Simple Minerals with that of Colour, as it is the character 
which first particularly strikes the eye. -It exliibits very 
great variety, and hence its determination h often attend* 
«d with considerable difficulty. Although it Is an import- 
ant and useful character, it was but ill understood before 
the time of Wernee, and it is even at present, by some 
mineralogists, considered as of little or no value. The 
older mineralogists had no very accurate Nomenclature 
of Colours, and farely gave any definition of them ; hence 
it was, that this character, in their systems, did riot afford 
satisfactory descriptions. Some niodern mineralogists, 

particularly 
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particularly those of the French School, use in their de- 
scriptions, only single, and often unconnected varieties . 
of colour, which h an erroneous practice ; because in 
describing species, we ought to enumerate all the varie- 
ties they exhibit^ and in a natural order, so that we may 
obtain a distipct'conception of the arrangement of these 
varieties into groups or. suites that characterise the spe- 
cies. Werner was early aware of the utility of this 
character, sind, by a careful study of all its appearances 
and varieties, was enabled to form a system of colours 
for the discrimination of minerals, in which he establish- 
ed a certain number of fixed pr standard colours, to which 
all the others could be referred, define^ the varieties and 
arranged them according to their resemblance to these 
standard colours, and placed them in such a manner, that 
the whole colours in the system formed a connected se- 
ries. . 

In establishing the fixed or standard colours, he thought 
he could not do better than adopt those as simple co- 
lours, which are considered as suth in common life; of 
these he enumerates eight, which he denominates chief or^ 
principal colours ; they are white, grey, blacky blue, green, 
yellow, red, and brmtm* Although several of these colours 
are physically compound, yet for the purposes of the. 
oryctognost it is convenient to consider them as simple. 

Werner remarks, ^^ I could not here enter into an a- 
^< doptiott of the seven colours into which the solar rayis 
*^ divided by the prism, as principal colours, nor into the 
<< distinction of the colours accordingly as they are either 
<< simple or compound ; nor could I omit white and black, 
*^ the former beiAg considered as a combination of all co- 
<* lours, and the l^ttet as the mere privation of light or 
<< colour; for these are distinctions that pertain to the 

*• theory 
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^* theory of co16qi« atdong natilraVphiloscfpbers^ 4nd can-* 
*< liot be wtll appUcti in common life^Jn. which blacl^ is 
** ranked among thecddurs, as well as white and yellow ; 
<< and green, is^hich is mix^i considered as a principal 
^^ colpiiT) as well as r^i)^ Mrhii^h is simple. 

*^ In the addption of th^ priiHsip&l colours enumerated 
^* abOre/ I am countenanced by Dr Sch<efpsr, who has. 
^' exhibi%ed them with the exception of the grey^ in his, 
** sketch of a general, association of colour, Regensburg^ 
** 1769. I am) however, justified iti adding th^ grey. 
** colour, by observing, that it oooUrs very frequently in. 
*< the mineral kingdom ) that the attempt to. bring ij^ un- 
** der any. one of-the other colours, Would be ajttended 
<* with many difficulties, and thai, if we have f expect to 
<^< denominatioois, it is considered in common life a? ao«. 
«« tually differing from the others.^— Wmt^Bii's EtXtemaL 
Charadtersy psBBi 39. r 

Each of these principal (Colours contains one wh^^bis^. 
oryctognbstically considered, pure or unmiled with any 
other, and is edled the cAaracjefrtWc colour: thus snow- 
white is the characteristic irolour of white ; ash-grey^ of 
grey ; Velvetrblaek, of black ; fierlin-blue, of blue ; erne* 
raid-green, of green ; lemon^^yellow^ of yellow » carfnine" 
red, of red ; and chesi^ut-brown, of brown. . ^ 

HaTifig thus established eight characteristic colours, he 
next defined and arranged the most striking subordinate 
varieties. 

The^eiinitions were- obtained principally by b(;t}lar ex- 
amination, which enables us speedily to detect tl^ diffi^r* 
ent colours of which the varieties 9te composed. In de-\ 
tailing the results of this kind of ocular analyns^ if I n^y 
use the .expression, the predominant component parts are 
mentioned first, and theothers in the ord^r of their quan^ 

H tity. 
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titf. Thus apple-green is foaiid to be a compound ccdonr, 
and we discover, hj comparing it wiifa emerald-green/that 
it is principally composed of that colonr and another, 
which is. grejifth-white; we therefore define appk-green 
to l)e a colour composed of emerald-green and a smatt 
portion of greyish- white. The method he followed in 
arranging the varieties is simple and elegant. He placed 
together all those varieties which contained the same 
principal colours in a preponderating quantity, and ar- 
i*anged them in such a manner, that the transition of the 
one yariety into the other, and of the principal colour in- 
to the neighbouring ones, was preserved. To illustrate 
this by an example. Suppose we have a variety of co- 
bur which we wish to refer to its characteristic colour^ 
and also to the variety under which it should be arran- 
ged. We first compare it with the principal colours, to 
discover to which of them it belongs, which in tlus in- 
stance we find to be green. The next step is to discover 
fo which of the varieties of green in the system it can be 
refeired. If, on comparing it with emerald-green, it ap- 
pears to the eye to b^ mixed with another colour, we 
must, by comparison, endeavour to discover what this co- 
lour is ; if it prove to be grtyish-white^ we immediately, 
refer the variety to apple-green ; if, in place of grgfwAi-- 
^hUey it is intermixed with letnon^yellow, wemusiccmsi- 
der it graaagreen ; but if it contains neilber greyish- 
white nor lemon-yellow, but a considerable portion of 
ifacAr, it forms blackish-green. Thus, by mere ocular in- 
spection; any person accustomed to discriminate colours^ 
correctly, can ascertain 1smd analyse the different varietiea 
of colour that occur in the mineral kingdom. > > 

The transition of the principal colours and their varie- 
ties into each other, he represents by placing the characs 

teristic 
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4eristic colours in the iniddle of a .series of which all the 
members are connected together bj transition) and whose 
extreme links connect them with the preceding and fol- 
lowing principal colours. Thus, emerald green is placed 
in the middle of a series, the members of which pass, oii 
ti^e oine band, by increase of the proportion of blue into 
the next colour-suite, the blue; on the other hand, by the 
ii^rease of yeDoiw into yellow, siskin-green forming the 
.connecting link with yellow, and verdigris green with 
.blue^ 

NAMES OF THE COLOURS. 

The names of the colours are derived, Ist, From cer- 
tain bodies in which tbey most commonly occur, as milk- 
'white,.siflkia- green, lirer-birQwii ; 2^ From metallic sub- 
istances, as ailver^wbite, iron^Mack, and gold-yellow ; 3d, 
From names used by piStttfVS, . as indigo blue, verdigris- 
green, and axure-bhie ; .4tb^ Fro^n that colour in the com- 
fiosilion whidh is' next in qiiaatity to the characteristic 
c^our, as Uuirii*grey, yettowishrbrown, &c. ; and, 5tb, 
Frointbe names i^persms, as Isabdla-yellow, now called 
.€r8am-y^w« 

/ : Tbe priadpal colours are divided into two series, the 
one jpomprefaending what W&ENftn tetsns bright colomy, 
the odier dead eohurt '; ned, green, Hue, .and yellow be- 
long to the first ; and white, grey, black, and brown, to 
the second. 

ARRANGEMENT OF THE COLOURS. 

The different characteristic colours and their varieties 
pass into each other, forming suites of greater or less ex- 
tent, in which the colours either differ more and more 

from 
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iVom the first member of the series, es they approach the 
extremity, thus forming stmight series^ or, after reaching 
a certain point of greatest diflTerence from the first colour, 
again gradual! J approach, and at length pass into it ; thus 
forming circular aeries. In this way the eight principd 
colours pass Jnto each other in the order in which we 
'have already enumerated them, and thus form a straight 
series* The blue colour, however^ after it has passed 
through green and yellow into red, passes from this 
latter colour by several intermediate varieties again into 
blue, thus forming a circular series or group. 

In the system of colours, we do not introduce these va- 
rious subordinate transitions and series, but simply ar« 
range all the colours as they pa^s into each other, begin- 
ning with the white, and ending with the brown. The 
varieties of most of the diiterienl prineipat colours are so 
arranged, that their characteristic colour is placed in the 
middle of the series, and all those varieties' that incline to 
the preceding principal coldur, are pUeed immediately 
after it ; while those that incline to the neither fdlow- 
ing principal colour immediately precede it This, how- 
ever, is not the case with the white and grey coioarft; 
therefore the characteristic colours in thoffe series do not 
stand in the middle'; on the contrary, in the white, it is 
placed at the beginning, and in the grey at theend* 
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I. Definitions OF the different varie- 

^ ties OF COLOUR. 

A. WHITE. 

This 18 the lightest of all the colours ; hence the slight- 
est intermixture of other colours becomes percep- 
' tiUe. < The white colour occurs principally in 
earthy and saline minerals, seldom in metallife- 
rous minerals, and very rarely, amongst inflam« 
mable minerals. The following are the varioi. 
ties of this colour. 

n. Snow-white is the purest white colour, being free 
of aU intermixture, >nd is the only colour of this 
suite which has no grey mixed with it. It re^ 
sembles new-fallen snow. As an exaniple of it, 
we may mention Carrara marble. 

&. Eiddish'white is snow-white mixed iirith a very 
minute portion of crimaon-red and ash^^grey. 
It passes into flesb-red. E^^iwiples, Porcelain 
earth and rose-quart2. 

f. YettowtBh-wkiie is i snow-white mixed with very 
little lemon-yellow and ash g|:ey. It passes on 
the one side into yeUowish-girey, qn the other 
into 8traw-yell!ow. Examples, Chalk, limestone 
and semiopaL 

<L Silver^white is the colqur of native silver, and id 
distinguished from the preceding by its metallic 
lustre. Examplt^s, Arsenical pyrites and native 
nlver. 

e: Grqfish'^whitc is snow-white mixed with a little ash- 
grey. Examples, Qufurtz and limestone. 
. /. Greenith^whiU is snow-white inixed with a very 
little emerald-green and ash-grey. It passes 
into apple-green. Examples, Amianthus, foliated 
limestone, and amethyst. 

g. Milk. 
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^. Milk-white is snow-white mixed with' a little Ber;- 
lin-blue and ash-grey. It passes in to. smalt-blue. 
The colour of skimmed milk. Examples, Calce- 
dony and common opal. 

h. Tin^nfhUe differs from the preceding colour princi- 
pallj in containing a little more grej^ and ha- 
ving the metalUc lustre. It passes into pale lead« 
grej. Examples, Native antimony and native 
mercury. 

B. GREY. 

This, which is one of the palest colours, is a com- 
pound of white and Mack, so that it forms the 
link by which th^e two colours are connected 
together, and is therefore placed between them. 
It occurs very frequently in the mineralking- 
dotn. The following are its varieties. 
a. Ltad grey is light ash^rey mixed with a small 
portion of blue, abd possesses metallic lustre. 
It contains the foUowiiig suboidinatetvarieties. 
«. Whitish leecLgrey. It is a very fight lead-grey 
colour, into the composition of which a consi- 
^lerable portion of white enters, a»d therefore 
nearly approaches to tin-white* Example, Na- 
tive arsenic on the fresh fractuue. 
/3, Common lead^grey. It is the purest lead-grey, 
with a slight intermixture of yellow. Exam- 
ple, Common grey antimony- ore. 
y. Fresh lead-grey. It contains rather -more blue 
than the preceding variety, with a slight tint 
of red, so that it has what is caHed a fresh or 
burning aspect. Examples, (ralena or lead- 
glance, and molybdena. 

BlacHsh 
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)• BladcUh kadgrey. Is common lead-grej mix- 
ed with a little black. Examples, Silver-glance 
or sulphureted silver, and copper- glance of vi- 
treous copper-ore. 
' b. Bluish grey is asb-grey mixed with a little blue, of 
is lead-grey without metallic lustre. Examples, 
Hornstone and liotiestone. 

c. PearUgrty is pale bluish grey intermixed with a 

little red. It passes into lavender-blue. Exam- 
ples, Quartz, porcelain-jasper, crystallised horn- 
stone, 4md a very pale variety of pearl. 

d. Smokt'grey is dark bluish-grey, mixed with a little 

brown. Examples, Flint, and some varieties of 
fluorspar. 

e. Greenish-grey is ash-grey mixed with a little eme- 

rald-green, and has sometimes a faint trace of 
yellow. It passes into mountain green. Ex- 
amples, Clay-slate, whet-slate, potstone, some- 
times mica, prehnite, and caCs-eye. 

./. Yellowish-grey is ash-grey mixed with lemon-yel- 
low and a minute trace of brown. It sometimes 
passes into cream-yellow and wood-brown. Ex- 
amples, Calcedony and nuca, 

g. Ash-grey is the characteristic colour. It is a com- 
pound of yellowish-white and brownish-black. It 
is the colour of wood-ashes. It passes on the 
one hand into greyish-black, on the other into ' 
greyish- wliite, as also into greenish, greyish, and 
smoke-grey. It seldom occurs pure in the mine- 
ral kingdom. Examples, Quartz, flint and mica. 

A. Sted-gry is dark ash-grey with metallic lustre. 
It is the colour of newly broken steel. Ex- 
amples, Grey 4:opper-ore and native platina. 

C.BLACK-. 
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C. BIJVCK. 

It presents fewer varieties than any of tlie other co?- 
lours, owing probably to the intermixture of 
lighter colours not being observable in itb The 
discrimination of its varieties is iittended with 
considerable difficulty, and can only he satisfac- 
torily accomplished after much practice. The 
following are its varieties. 

a. Greyish-black is velvet-black mixed with ash grey. 
It passes into ash-grey, ts very distintt in ba- 
salt. 

&« /ro»-&/acA: is principally distinguished from the pre- 
ceding variety by its b6ing rather darker, and 
possessing a metallic lustre. It passes into steel*, 
grey. Examples, Magnetic ironstone and iron- 
mica. 

t. Velvet-black is the characteristic' colour of* this se* 
ries. It is the colour of black velvet. Example, 
Obsidian. 

d. Pitch'blackf or brownish-blacky is Velvet-l^lacfc nrix- 
ed with a little yellowish brown. It passes inta 
blackish-brown. Example, Earthy cobdlt-ochre 
and mica. 

«• Greenish-blacky or raven-blacky is veltet-blacic nilix* 
ed with a little greenish-grey. It paslses into 
blackish-green. Example, Hornblende. 

f. Bluish-black is velvigt-black mixed with a little 
blue. It passes into blackish -l^lue, and' appearsr 
. sometimes to contain a slight trace of red. Ex- 
ample, Black earthy cobalt-ochre/ 

B. ULUE. 
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ft. BLUE. 

The' chaiacteristic coldur^ which is Berlin-blue, is 
placed in the middle of th6 series, and all those 
varieties that contain fed in theii' composition, 
on the one side, aind those containing green, 
to the other. It is rarer among niiner^ls than 
the preceding ; blackish blue ' connects it with 
black, sky-blue with green ; and it is connected 
with red by violet -blue arid azure- blufe. The 
following are its varieties. 

a. Blackish'blue is Berlin<blue mixed with much block 
and a trace of red. ' It passes, on the one side, 
into bluish bl^ck, on the other, into azure-blue. 
Exaiiiple, Azure copper-ore. 

L Azure-blue is Berlin-blue ^ixed with a little red. 
It is a burning colour. Examples, Azure copj^er- 
ore, and azure-stone. 

t. Violet-blue is Berlin-blue mixed with much red and 
very little black. It borders on columbine- red. 
It is the tint of colour we observe in th^ violet 
when it is about to blow. It is the most fre- 
. quent of the blue colours. Examples, Amethyst 
and fluor-spar. 

d. Lavender-blue is violet-blue, intermixed with a small 

portion of grey. It is intermediate between 
pearl-grey and violet-blue. Examples, Lithomarge 
and porcelain- jasper. 

e. Plum-blue M Berlin-blue, with more red than in 

violet-blue, and a small portion of brown and 
black. It passes into chei^ry-red and broccoli-' 
brown. Example, Spinel. 

I f, Berlin bhe 



/ 
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/. BerlinMue is the purest or characteristic colour of 
the series. Example, Sapphire. 

g*. Smalt'blue is Berlin-blue with much white, and a 
trace of green. It passes into milk-white. It 
occurs in pale-coloured smalt, named Eschel, 
and also in blue iron-earth, and earthy azure 
copper- ore. 

A.. Duck'Blue is a dark blue colour, composed of blue, 
much green, and a little black. Frequently in 
ceylanite, and in a rare variety of indurated 
talc. 

i* IndigO'hlutj a deep blue colour^ composed of blue,, 
with a considerable portion of black and a little 
green. Example, Blue iroQ-earth of Eckards- 
. berg in Thuringia. 

k. Sky 'blue i^ B, ^3\q blue colour, composed of blue 
green, and a little white. It forms the link 
which connects the blue series with the green. It 
is named Mountainblue by painters. It is the 
colour of a clear sky, and hence its name. It 
occurs but rarely in the mineral kingdoni. Ex. 
ample. Lenticular ore. 

E- GREEN. 

The varieties of this colour naturally fall into two 
principal suites ; in the one of which the blue 
colour prevails ; in the other the yellow ; and be- 
tween the two is placed the pure or character- 
istic colour, the emerald-green. Although it is 
not a common colour in the mineral kingdom, 
yet it is met with more frequently than the blue. 
In earthy minerals the green colours are genc- 

jpally 
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rally owing to oxide of iron ; and in a few cases 
to the oxide of chrome ; and in very few to oxide 
of nickel. Green colours also occur in several of 
the ores of copper. 

The following are the varieties of this colour, 

a. Verdigris-green is emerald-green mixed with much 
Berlin-blue, and a little white. It is the link 
which connects the green and blue colours toge- 
ther. Examples, Copper- green and green Si- 
berian felspar. 

h. Celandine green is verdigris-green mixed with ash- 
grey. Examples, Green-earth, Siberian and Bra- 
zilian beryl. 

c. Mountain-green is emerald -green, mixed with 

much blue, and a little yellowish- grey ; or ver- 
digris green with yellowish-grey. It passes into 
greenish-grey. Examples, Beryl, aqua marine 
topaz, glassy actynolite, common garnet, and 
hornstone. ; 

d. Leek-green is emerald-green, with bluish-grey and 

a little brown. It is the Sap-green of painters. 
In this colour, the blue and yellow colours are 
in equal proportions. Examples, Nephrite,com- 
mon actynolite, and prase, 
f. Emerald-green. 'The characteristic or pure unmix- 
ed green. All the preceding green colours are 
more or less mixed with blue, and at length pass 
into it ; but the following part of the green se- 
ries, by the increasing proportion of yellow, at 
length passes into yellow. Examples, Emerald, 

fibrous < 
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fibroqs malachite, copper- mica, and sometimes 
also fluor-spar* 
^f. Apple-green is emerald- gre^n piixed with a little 
greyish white. It passes into greenish white. 

Examples, Nickel ochre and chrysoprase. 
g. Gra^S'green i? emerald-green mixed with a little 

lemon-yellow. The colour of fresh newly sprung 

grass. Ex^ple, Uranite. 
A. Biacktsh green is pistachip-green mixed with a 

considerable portion of black. It passes intq 

greenish-black. Examples, Precious serpentine 

and augite. 
|. Pistachio green is emerald-green mixed with more 

yellow than in grass-green, and a small portion 

of brown. Examples, Chrysolite, and epidote or 

pistacite. 
k. Asparagus^reen is pistachio-green mixed with a 

little greyish white; or emerald-green mixed 

with yellow and a little brown. It passes into 

liver-brown. Examples, Garnet, olivenore and 

beryl. 
/. Oliv^green is grass-green mixed with much brown 

and a little grey. It passes into liver-brown. 

Examples, Common garnet, oliyen-ore, pitch* 

stone, and epidote or pistacite. 
m. Oil green is emerald- green mixed with yellow, 

brown and grey ; or pistaphlo-green, with much 

yellow and light ash-grey. It is the colour of 

fresh vegetable oil. Examples, FullerVearth, 

beryl and pitchstone. 
w. Siskin-green U emerald-green mixe^ with much 

lemon^elidw and a little white. It makes the 

transitioi^ 
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Iransltion to the yellow colour. Exdtnples, Uran- 
mica and s.teatite. 

F. YELLOW. 

Among the varieties of this species of colour, tl^ere 
are three possessing metallic lustre, viz. brass- ^ 
yellow, gold-yellow, and bronze-yellow. The 
characteristic colour, which is lemon-yellow, is 
placed in the middle of the series ; the colours . 
which precede it are greenish yellow, and those 
which follow it are reddish-yellow. The pnc 
^ide of the series, by the increase of the green, 
passes by sulphur-yellow into green ; the other, 
by the increase of red,'passes by means of orange- 
yellow, into red. It is a frequent colour in the 
mineral kingdom. * The following^ are its varie- 
ties. 

a. Sulphur-yellow is lemon-yellpw mixed with mpch 

emerald green and white. It is the colour of na- 
tive sulphur. Example, Native sulphur. 

b. Brass-yellow differs from the preceding colour prin- 

cipally in having a metallic lustre; it contains 
a small portion of grey. Example, Copper-py*-. 
rites. 

C. Straw-yellow is sulphur- yellow mixed with much 
greyish white. It passes into yellowish-white 
and yellowish-grey. Example, Calamine, ser- 
pentine and yellow cobalt-ochre. 

d. Bronze-yellow is brass-yellow mixed with a littlf 
steel-gr^y, and a minute portibn of reddish brown. 
The colour of bell-metaL Example, Iron-py- 
rites*. 

c. Wax-yettoWf 



70 EXTERNAL CHARACTERS. 

. e* Waxydlow is lemoijyellow mixed with reddish* 
brown, and a little ash-grey ; or it may be con- 
sidered as honey- yellow, with greyish white. It 
is the colour of pure unbleached wax. Examples, 
Opal and yellow lead -ore* 

f. Honey-yellow is sulphur-yellow mixed with chest- 

nut brown. It passses into yellowish brown. 
Examples, Fluor-spar and beryL 

g, Lertton-yellow is the pure unmixed colour. It is the 

colour of ripe lemons. Examples, Yellow orpi- 
ment. 

A. Gold-yellcw is the preceding colour with metallic 
lustre. Example, Native gold. 

u Ochre-yellow is lemon yellow mixed with a consi- 
derable quantity of light chestnut brown. It 
passes into yellowish irown. It is a very com* 
jnon colour among ipinerals. Examples, Yellow 
earth and jasper. 

fc. Wine-yellow is lemon-yellow mixed with a small 
portion of red and greyish- white. The colour of 
Saxon home-made wine. Examples^ Saxon and 
Brazilian topaz. 

/. Cream-yellow or Isabella-yellow. It contains more 
red and grey than the , wine-yellow, and also a 
little brown. It passes into flesh-red. Ex- 
amples, Bole from Strigau, and compact lime- 
stone. 

m. Orange yellow is lemon-yellow with carmine-red. 
It is the colour of the ripe orange* Examples, 
Streak of red-orpiment, and also uran-ochre. 

&. RED. 
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G. RED. 

It exhibits more varieties than the other colours, and 
is very common in the mineral kingdom. The 
characteristic colour is carmine-red; aU the 
others ihcline either to yellow or blue: hence 
there are two principal suites ; the first of which 
contains yellowish-red colours ; the second bluish- 
red colours. The red colours are principally 
owing to oxides Of ircm, manganese and cobalt, 
and combinations of metals with sulphur and ar- 
senic. The following are the varieties. 

a, Aurora or morning red is carmine-red mixed with 

much lemon -yellow. It passes into orange-yel- 
low. Example, Red orpiment. 

b, Hyadnih-red is carmine- red mixed with lemon- 

yellow and a minute portion of brown ; or au- 
roi'a-red mixed with a minute portion of brown. 
It passes into brown. Examples, Hyacinth and 
tile-ore. 
' G. Ttle^red is hyacinth -red, mixed with greyish-white. 
It is' the colour of tiles or bricks. Examples, 
Porcelain-jasper and zeolite. 

d. Scarlet-red is carmine-red mixed with a very little 

lemon yellow. It is a .well-known colour of 
much intensity. Example, Light-red cinnabar' 
from Wolfstein. 

e. Blood-red is scarlet-red mixed with a small portion 

of black. Examples, Pyrope and jasper. 

f. Flesh-red is blood-red mixed with greyish-white. 

Examples, Felspar, calcareous-spar, and straight 
lamellar heavy-spar. 

g. Copper-red. It scarcely differs from the preced- 

ing 
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ing variety, but in possessing a metallic lustre/ 
Examples, Native copper and copper-nickel. 

h, Carmint^red is the characteristic colour. Example, 
Spinel,' particularly in thin splinters. 

u Cockineal^red is carmine^red mixed with bltiish-i 
grey. Examples, Dark-red cinnabar and red cop« 
per-ore. 

ic. Crimsotirred is earnftine-red mixed with a consider- 
able portion of blue. Example, Oriental ruby. 

/. (Jolumbtm^red is carroine*red, with more blue than 
the preceding variety, and-, what is characteristic 
for this colour, a little black. Example, Preci- 
ous garnet. 

to, Rose-red is cochinealred mixed with white. It 
passes into reddish- white. Examples, Red man- 
ganescrpre and quartz. 

«. Peach blosaam-red is crimson-red mixed with white. 
Example, Red cobalt-ochre. 

o. Cherrxf-red is crimson red- mixed with a consider- 
able pcHTtion of brownish-black. * Examples, Spi- 
nel, red antimony-ore, aad previous garnet. 

p. BrownUh'red is blood-red- mixed with brown. It 
passes into brown^ Example, Clay-ironstone.' 

H. BROWN. 

This, after black, is the darkest cbloiil: in the system. 
The whole species or suite can be distinguished 
into those who have red, and those which 
have yellow mixed; between these is placed the 
fundamental colour, the pure unmixed chest- 
nut-brown, and the last variety, from the 
quantity of black it contains, connects the 
brown series with the black. Varieties of this 

colour 
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colour ocpur frequently^ in the mineral kingdom, 
particularly among the ores of iron, and the in- 
flammable minerals* 

a. Reddish- brawn is chesnut-brown mixed with a little 
red and yellow ; or cbesnut-brown with a small 
portion of aurora red. It passes into brownish- 
red. Example, Brown-blende from the Hartz. 

&. Clove brown is chesnut-brown, mixed with cochi- 
neal-red, and a little black. It is the colour of 
tbe clove. It passes into- plum-blue and cherry- 
red. Exami^j^St Roct-crystal, brown hematite, 
and axinite.' '. 

t. Bmr-brovm is clpvC'-brown mixed wit(i ash-grey. 
Ex^mplei, Cornish lin*ore» 

d^ BroccoU-brfnDn U cbe^nut^brown mii'ed with much 
blue, and a^fQidl portion of green And i*ed. It 
passes into cherry-red. and plum- blue. It is a 
rarer colour. Example; Zircon. 

«• Chemui^mun. Pure brown colour. It is a rare 
colour. Example^ Jasper. 

/. Yelbufi^-brown is chesnut-brown mixed with a 
eojEisiderable portion of lemon-yellow. It passes 
into ochre yehpw. It is one of the most o^m- 
moTi colours in the mineral kingdoita. Examples, 
Iron*flint and jasper. 

g. Pinchpeck'broum is yellowbh-brown with metallic 
lustre. Rather the colour of tarnished pinch- 
beck. Example, Mica. 

h, Wood'brown is yellowish brown mixed with much 
pale ash-grey. It passes into yellowbh grey. 
E:^am]ples, Mountain wood, and bituniinous 
wood. 

K t. Liver- 
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I. Ltverbfown is chesnui-brown mixed with oliTe- 
green and asli-gre/. It is the colour of boiled, 
not fresh liver. It passes into olive green. Ex- 
ample, Common jasper. 

it. Blackish brown is chesnut-brown mixed with black. 
It passes into brownish^black. Examples, Mine- 
ral pitch from Neufcfaatd, moor-coal, and bitu* 
minous wood« 

The immense Tariely ^ coioiirs thai occur in the mi* 
<aeral kingdom, constitute an idmosi infinite series, ta 
characterise every individual of which is next to impos- 
sible. The colours we have ahreadj defined, are a few 
onlj of the most proihinent features ^ that great and 
beautiful series, and serve as points of comparison,' and 
as the boundaries between which every occurring colour 
Ees. 

From the small number of colours we have defined, 
and the g^eat varietjr that occur in n^inerals^ i{ is eVident 
that the greater number of oecurting coUwrs will not cor- 
respond exactly with thoise defined, but wiU lie between 
them. It is this circumstance in particular that renders 
it so'difiicult to get an acquamtaace with coldurs*. Ta 
obviate this in some degree, WsniniR uses terius which 
express correctly certain prominent differences which are 
'to be observed between every two colours. Thus, whea 
one colour approaches sUghtly to- another, it is saidta 
incline towards it, (es nahrt sich) : when it stands in the 
middle between two colours, it is said to be intermeiiatef. 
(es steht in der Mitte) ; when, on the contrary, it evi- 
dently approaches very near to one df the colours, it is- 
said to fall or pass into it, (es geht uber}« 

11. 
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II. THE INTENSITY OR SHADE OF THE 
COLOURS. 

, Each colour can be distinguished according to its rela- 
tive intennly^ of whicii, as expressed in the tabular view/ 
there are four dej^rees^ viz. dark^ deep^ light ^ and pale. 
Thus the principal colours can be divided into four clas- 
ses, according to their degrees of intensity ; blu^^ black, 
$nd brown are dark ; green and red are deep ; yellow and 
white are light ; and grey is pale. But this distinction, 
as far as regards, the principal colours^ may be dispensed 
with, as they have been already sufficiently discriminated 
by their division into bright and dead ; it may therefore 
be confined to the varieties* Thus, in the blue series, 
lavender blue is pa)e; smalt and slcy blue, light^ Berlin, 
a^iire, and violet blue, :deep; and indigo, plum, and 
blackish blue are dark colours. 

, The intensity of the colour of a fossil depends often on 
its degree of transparency ; for the more transparent it is, 
its colour is the paler ; and the more opaque, the colour 
19 the darker. Many transparent minerals have there- 
fere a vtfy pftle colour, which has caused some minera- 
logists to describe them as colourless, which, however, is 
not the case, a« their shade of colour is easily detected 
by an experienced eye, and it can even be discovered, by 
comparing the minerals with another, by those who have 
been little accustomed to such investigations. 

The intensity of the lustre has also a considerable ef- 
fect OQ the intensity of the colour. 

III. 
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III. THE DELINEATIONS OR PATTERNS 
FORMED BY THE COLOURS. 

The distinctions included under this head depend- on 
the shape which the colour assumes. It is onlj 
to be observed on simple minerals ; therefore, 
those mineralogists who have attempted to con- 
sider it as a character for compound minerals, 
have deceived themselves. It belongs in general 
to the individual. The following are the diffe- 
rent kinds enumerated and described bj Wkr- 

MISR. 

A. Dotted. In this variety dots or ipiall spots are 

irregularly dispersed over a surface which has a 
different colour from the spots. It occurs fre- 
quently in serpentine, but seldom in other mine- 
rals. 

B. Spotted. If the spots are from a quarter of an 

inch to an inch in diameter, and the basis or 
ground still visible, it is said Co be spotted. It 
is either round and regularly spettedy or trre- 
gularly spotted. The first occurs in clay-slate ; 
the second in marble. 

C. Clouded. Here no basis is to be 5bserved; the 

boundaries of the colours are not sharply mark- 
ed, and the spots run into each other. It occuit 
in marble and jasper. 
p. Flamed. When the spots are long and acumina- 
ted, and arranged according to their length, the 
flamed delineation is formed. It has still a basis. 
Xt occurs m striped jasper, marjble. See. 

£, Strip^i. 
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E. Striped. Consists of long and generally parallel 

stripes that touch eaoh other and fill up the whole 
miEus of the stone, so that it has no ground. Xt 
presents two varieties. 

a. Straight striped, as in striped jasper and varie« 

gated clay. 

b. Ring' shaped, occurs in Egyptian jasper. 

F. Veined. Consists of a number of more or less de- 

licate veins crossing each other in different direc* 
tions, so that it is sometimes net-like. We can 
always distinguish a base or ground. Examples, 
Black marble veined with calcareous spar or 
quartz, jasper and serpentine. 

G. Dendritic. Bepresents a stem with branches, on a 

ground. Examples, Steatite and dendritic calce- 
dony. 

H. Muiniform. Resembles ruins of buildings. ' It 
occurs in Florentine marble, which is from this 
circumstance called Landscape marble. 

These colour-delineations occur, most frequently in 
marble, jasper, and serpentine, and are characteristic of 
them. They occur seldom, in gypsum, flint, calcedoay, 
fcc. 



IV. 
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IV. THE PLAY OF THE COLOURS. 

If we look on a mineral which possesses this proper- 
ty, we observe, on turning it slowly, besides its common 
colours, many others, which are bright^ change very 
rapidly, and are distributed in small spots or patches. 
A strohg light is required, in order to see this appeacance 
distinctly,' and it never occurs in opaque or feebly trans- 
lucent minerals. We* observe it in the diamond when 
cut, in precious; opal, and in the fire marble of Bleyberg 
in Carinthia. It appears to the greatest advantage in 
sunshine, probably, however, even more beautiful in 
candlelight. 

V. THE Changeability of the 

COLOURS. 

When the surface of a mineral, which is turned in dif^ 
ferent directions, exhibits, besides its common colours, 
different bright colours, which do not change so rapidly, 
are fewer in number, and occur in larger patches than ia 
the play.of the colours, it is said to exhibit what is called 
the changeability of the colours. - 

We distingubh two kinds of this phenomenon. 

■ A. That which is observed by looking in different 
positions on the mineral, as in Labrador felspar. 
B, That observed by looking through it, as in the 
common opal, which shews a' milk* white colour 
when we look on its surface, but when held be- 
tween the eye and the light is wine-yellow. 

yi. the; 
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VI. THE IRIDESCENCE. 

When a mineral e:Kfaibits the colours of the, prism or 
the rainbow, arranged in parallel, and sometimes van* 
ously curved layers, it is said to be iridescent. It is to 
be observed by 

. A. Looking on the mineral, as in the variety of cal- 
careous spar, called Iceland or duplicating spar, 
adularia, beryl, &c. and by 
B. Looking through it> as in rainbow-calcedony. 



VII. TARNISHED COLOURS. 



A mineral is. said to be tarnished> when it shews on itsh 
external' surface, or on that of the distinct concretions, 
fixed colours different from those in its interior or upon 
its fresh fracture. 

These colours are distinguished, according to their 
origin ; some minerals shewing them, 

a. Ilk the bosom of the earth, as specular iron-ore or 

iron-glance and radiated grey antimcmy-ore ; 
others 

b. On the exposure of the recent fracture to the ac- 

tion of &e air, as variegated copper-ore, and na- 
tive arsenic. 
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In those minerals where the tarnish has taken place ill 
the bosom of the earth, no new tarnish takes place on ex^ 
posure of a fresh fracture to the air. 

They are further divided according to their kind. Mi- 
nerals in whatever manner they receive their tarnish are, 
a. Simple, or 6. Variegated. When we say a colour is 
simple, we mean that one colour predominates over the 
whole surface ; variegated, when the surface shews many 
different colours which are distinct or run into each 
other. 

Of the merely simple tarnished colours we may men- 
tion as examples the following : ^ 

a. Grey, — white cobalt-ore. 
fi. Blacky — native arsenic. 
y. froz&n,— magnetic pyrites. 
i. J?e(Mi«A,— native bismuth. 

The variegated or party coloured, are distinguished ac- 
cordi^ng to the intensity of their basis. Of these the fol- 
lowing are enumerated in the tabular view. 

M. Pavonine J or Peacock- tail tarnish. This is an as- 
semblage of yellow, green, blue, r^ed, and brown 
colours, on a yellow ground. The colours are 
nearly equal in proportion, and are never pre- 
. cisely distinct, but always pass more or less into 
one another. Exa'mple, Copper-pyrites. 
fi. Iridescent y or Rainbow. In this variety the colours 
are red, blue, green, and yellow, on a grey- 
ground. It is. more, beautiful and brighter than 
the preceding. The radiated grey, antimony ore 
of Felsobanya in Hungary, and the specular iron* 
ore or iron-glance ofElba, a9e often beautifully 
iridescent. 

y. Columbine 
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y. Columbine or pigeon^neck tarnish. The colours are 

the same as in the preceding, with this difference, 

that the tints of colour are paler, and the red 

^ predominates. Examples, Native bismuth of 

Schneeberg. 

i, TemperecLsteel tarnish. It consists of very pate 
blue, red, green, and very little yellow, on a 
grey ground. Example^ Grey cobalt-ore. 



VIII. THE PERMANENT ALTERATIONS. 

These must not be confounded with the tarnished co- 
lours. The tariiish occurs only on the surface ; the per- 
manent alteration, on the contrary, proceeds by degrees 
through the whole mass of the mineral. This change 
takes place more or less rapidly in different minei'als. 
The colours either becorhe paler, when they are said to 
fade^ or they become darker, and pass into other varieties. 
Thuis chrysoprase, rose quartz, and red cobalt-ochre be- 
come paler ; whereas sky-blue fluor-spar becomes green, 
pearl-grey corneous silver-ore sometimes changes to 
brown, and lastly into black, and blue iron-earth changes 
from whit?, through different varieties of blue, to indigo- 
bluqt .. ,. 



Utility 
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IJTILITy OP CoiiQUR, ASA CfURACTBR IQR ©UCRIMJXATINC 
. Naturai. BpOISS* 

The older, and some of this modern mineralogists, as 
we have already remarked, in their descriptions of the spe- 
cies of minerals, i^se only single varieties of colour, with- 
out attending to their natural relations ; hence, as em- 
ployed by them, coloi^r is a character of but UUlp value. 
It was WsRNE^ who first macle the remark, thiit s^igle. 
vajcletiiss are i^ character«stip> and (h^t.it is only by usin£ 
the whole r^ge qf susite of colour of thft. i^ineril, th^ we 
are enabled to employ this cbara$:lier wifb 9^va9^ge» Ia 
^ distcrimin^tio^ of th^ species t^at pcciir in the mioeri^ 
k^ii^dom,. Tb^i^, it is not ^^ISieienjt to s^y that epidote 
is green» tl^ajt b^ryl is green, or that tppae is yellow ; w^ 
i9;Ust mention ^very variety of cplpi^r whjcb these mine- 
rals possess, because each spiDQies of mineral is charact^- 
ris^d by a^ particular suite or group of cplours. Even 
if different species sla^oujd exhibit precisely the s^m^ 
group of colours, still the x:haracter does not thereby 
lose of its value and importance, becapsp in the different 
species, the colour-suiieis would be associated with different 
groups of external characters. 

Although colours are frequently employed by botanists 
for distinguishing species of plants, particularly in the 
class Cryptogamia, still they in general hesitate in em- 
ploying 
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j[)l6yiftg tiem in the discrimination of pkttts id the higher 
divisions of the system. 

- It is alleged that the colours of plants change verj;' 
readily, particularly when cultirated in our gardens, and 
thiit, therfcfbte^ so variable a character should not be at- 
tended to. It is lidt ietAeAy that the colours of plants 
frequently undergo very considerable changes, when cul- 
tivated in our gardens; but these doihesticated plants 
are ho longer the natural unaltered species, and therefore 
m'e not objects ot iht attentibn df the systematic bota, 
nist. It is ateo known, that plants eveh Ih thor natural 
aituations, lowing to disease^ eicperiehce great changes in 
their eolouts ; but these disie^bsed individuals iirould sure- 
ly never be taken by the botanist for characteristic ex- 
amples of the speci«i» Indeed it is highly probable, that 
^very apeties of plant in its iiadiiral region, has a de- 
terininftte colour^ or suite of colours. Hence colour majr 
be used as a most interestiiig chak-acter, particularly ih 
' thosfe systems of botaffy which are termed natural. 

This character may also be advantageously used ih giving 
correct ideas of the changes of colour which plants experi- 
ence by cultivation5 pr when removed from their natural 
Boil and climate. These cbdnges have prctbably determinate 
ranges in each species ; thus, some run tbi'ough certain 
red and blue varieties, othar? through red and yellow, and 
tome through white, red and grey ; and in others, thef 
change does not eittend beyond varieties of one colour. 
Some colours l>f the suite or range will be mote promi- 
nent, mote fixed, or mo^e frequent than others ; and the 
extent of the colour-suites will depend oh the degree 
of diange iii the situation, soil, and climate of the plant. 
Interesting coloiH-ed maps might^be constructed, to shew 
the general changes in the colour of the vegetable world, 

from 
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from the Equator towards the Poles ; and th^dlfference 
of colours in vegetables in the two Hemispheres, and in 
the Old an^ New World, might be delineated in a simi- 
lar manner. ^ , . f 

In the animal kingdom, the number of different co- 
lours is Very g^reat. They often form the most striking 
feature in the external appearance of the species, and* 
hence have been considered by systemati^s as. affording 
discriminating characters of much value. .The agricul- 
tvirist, engaged in the breeding of animals^ often witnesu; 
ses striking changes in their coloifrs, and these varieties 
of colour, either alone, or conjoined with other characters, 
characterise his different breeds. But here, as in botany, 
a regular systematic nomenclature of cplour is much, 
wanted. To render the character of certain value in 
bo^tany aad zoology, tkiere ought to be established a num« 
ber of fixed or standard colours, to which all the others 
could be referred : The varieties should be defiiied and 
arranged according to their resemblance to these stand- 
anl coburs ; and, lastly, the whole ought to be disposed 
in a regular and systematic order. The various change*-, 
abilities of. colour, their patterns or delineations^ an4' 
other similar varieties of character, ought to be defmed 
and arranged as they are in mineralogy. ' i 

The anatomist will find it to his advantage to use in 
his descriptions some regular and fixed standard of co^ 
lours ; and in morbid anatomy, in particular, the import- 
ance of such an aid will be immediately perceiv-ed : Thus, 
the various changes in the animal system, from the slightr 
est degree of inflammation to complete gangrene, are 
strikingly marked by the different colours jthe parts 
assume. Accurate enumerations of these colours as jebey 

ocqtir . 
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ttccur in single Varieties, or in groups, conjoined with 
descriptions of the changes in form, transparency/ lustre, 
consistency, hardness, structure and weight, observable ia 
the diseas^ed parts, will convey an accurate conception of 
the diseased part to those who have not an opportunity 
of seeing it. But to effect this, the anaton)i$t and surr 
geon must agree on some fixed nomenclature, not only of 
colour, but also of form, transparency, lustre, consist- 
ency, hardness and structure; and a better model cannot 
be pointed out, than that contrived by Werner for th^ 
description and discrimination •f mfnerals. 

Lastly, the chemist will have daily opportunities of expe* 
riencing its utility ; and the meteorologist, and the hy- 
drographer, by the use of an accurate «nd standard table 
of colours, will be enabled, in a much more satisfactory 
manner than heretofore, to describe*the skies, and meteors 
of different oountries, and the numerous varieties of colour 
that occur in the waters of the ocean, of lakes and ri- 
vers. 

Many attempts have been made to delineate the diffe- 
rent colours that occur in the mineral kingdom, with the 
view of ipnabling those who do not possess a mineralogi- 
cal collection, or who may not be familiar with colours, 
to know the different varieties mentioned in the de- 
scription of mineralogists. Wiedemann, Estneb, Lun- 
WIG, and several others, have published tables of this 
kind ; but all of them were deficient, not only in accura- 
cy, but also in durability. Having the good fortune to 
possess a Colour-Suite of Minerals, made under the eye 
of Werner, by my late friend H. Meuoer of Freyberg, 
and being desirous of making this collection as generally 
useful as possible, I mentioned my wish to Mr Syme, 

painter 
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painter to the Wernerian and Horticultural Societies, 
who readily undertook to make a delineation of all the 
rarieties in the collection. This he executed with hid 
usual skill and accuracy ; adding at the 'same time, to the 
series several other colours, which he has distinguished by 
appropriate names, and arranged along with those in the 
Wernerian system. The whole have been published in a 
series of Tables, in a Treatise % which ought to be in the 
hands of every mineralogist, and indeed in the poiisession 
of naturalists of every description. 



* " Wnonui^s Niimenclatare of Colo«kts» wltli Ad^Hons^ arranged ao aa 
to render it uaefUl to the Arte and Sdencca ; with Bxampiea, ae^eetod fhtftar 
well Imown otjecta in the Anittial, Vcfelible aad Mineyal KiHgdooa,'* bjr 
P. Symi, &C. £dinburgh, X814. 
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CHARACTERS, 



I. 

PARTICULAR GENERIC EXTERNAL CHARACTERS 
OF SOLID MINERALS. 



Characters for the Sight. 

1. THE EXTERNAL ASPECT. 

The> External Aspeet of a mineral is that outline or con- 
tour which it ha& received from nature. Thus, if we have 
a piece of lea4-glancest as it has been found loose, or im- 
bedded in ^^other mineral, wp name tbe surface which it 
has received from nature, its Aspect. Aik thos9 charac- 
ters which we can discover b^ the eye, on this outline, 
are denominated the E:$ternal Aspect of the mineral. 
They are of three Vinds : 1. The External Shape : %. The 
External Surface, and, 3. T^e External Lustre. 

1. Thb Externai. Shapjs.. 
Is divided into four classes, 
1. Gommon '> 

4. Extraneous J 
All of these classes have their subordinate differences, 
which we sl^all now describe; and, 

1. Commcu 



88 EXTERNAL CHARACTERS. 

1. Common External Shape. 

Cominon External Shapes are those in which there are 
neither a determinate number of planes meeting under 
determinate angles, nor any resemblance to known na- 
tural or artificial bodies. As thej occur more frequent^ 
ly than the other shapes, they are named Common Ex- 
ternal Shapes. 

. Six different kinds are enumerated by Werner, which 
are distinguished according to their relative length, 
breadth, and thickness, their relative jnagnitude, and 
their connections with other minerals. The kinds are, 
masstvey dtsseminated^ in angular pieces^ in grains^ in 
plates, and itl memhranf;9f 

A. Massive, is that common external shape which is 
'from the size of a hazel-nut to the greatest mag- 
nitude, and whose dimensions in length, breadth, 
and thickness, are nearly alike. It occurs im- 
bedded in other minerals, and it is intermixed 
with them at their line of junction. Examples,' 
Galena or lead-glance and copper-pyrites. 
Many of the varieties of this form are crystallized, 
- although they do not a{^pear so to the eye. This 
curious fact has been lately Well elucidated by Mr 
Daniell. He remarks, that if a lump or mas- 
sive piece of alum, or borax, or of nitre, be im- 
mersed in a vessel of water, and left at rest for 
three or four weeks, the solution will be found 
to have gone unequally on ; the uppermost por- 
tion will be found most wasted, and the under- 
most least ; so that the undissojved part of these 
salts will have assumed a conical form. Th^ 
lower part of these bodies, after this treatment, 
. will be found embossed over with numerous cry^- 

stalline 
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stallitie farms. These in alum are'octaliedrons, 
or figures formed by different sections, of the alu- 
minous octahedron. In borax they are frag- 
ments of eight-sided prisms, and so on. Mr 
Daniell has. shewn, in a satisfactory way, that 
these embossmtnts are not formed by the crystal- 
lizatioi! of -that portion of the salt whick has 
been dissolved; but that they are brought in- 
to view by the uneqiial solution of the lump of 
salt subjected to the action of the water. Hence 
it followsl, that all these apparently amorphous 
fnasses are in reality composed of cry srtals, though 
such a strueture cannot be distinguished by the 
eye previous tor this natural dissection of it. The 
same crystalline structure was developed when 
calcareous-spar, strontian and witherite, were 
acted on by vinegar. Bismuth, antimony and 
nickel, treated with' very dilute nitric acid, like- 
wise exhibited a. crystallized structure. From 
these experiments we may infer, with- consider- 
able probability, that the structure of most mine- 
rals is in reality crystallized, even when they ap- 
pear passive; an iflferfence which leads to the 
highly irapc^rtant conclusion, that, on a general 
view, a great portion of^he crust of the earth 19 
more or less of a crystalline nature.. 
B. Disseminated^ is from the si^e'of a hazel-nut until 
it is scarcely visible, and its dimensions in length, 
breadth and thickness are nearly alike. It is im- 
bedded, and is intermixed with the inclosing mi- 
neral at the line of junction. It is divided into 
a. Coarsely disseminated^ which is from the size of 

a hazel-nut to that of a pea. Examples, Cop« 

per-pyrites aild brown-spar. 

M "* h. Minuieh/ 
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b, Minuiety disseminated^ from the size of a pea.te^ 

that of a millet'*see(). Example, Tinstone in 
granular quartz. 

c. Finely dhsemiruded^ from the size c^ a millet- 

seed until it is scarcely visible. Example, 
Brittle silver^glance in brown spar. 
C In angular pieces. Minerals having an angular 
shape, in which the length, bread tb and thick- 
ness are nearly alike, which are found loose, or 
slightly imbedded, and without any intermixture 
with the inclosing mineral at the line of junc- 
tion, and from the size of a hazel-tiut and up- 
wards, are said to oeeur in angular pieces^ H is 
distinguished from the massive by its occurring 
either- loose, or not intermixed with the basis at ' 
the line of junction. Of this external sbape there^ 
are two kinds, 
a. Sharp^cornered^ as in quartz and ealcedony* ^ 
h. Blunt-cmrneredy as in common opal. 

The sharp-cornered occur but rarely ; opal some^ 
times exiiibits thid form. The bluntrcornered 
are much more frequent, and are either origi- 
nal, or have been formed by attrition, whe n 
they are named pehbhsi ^^ rolled pieces. The 
original pieces are distinguished by a surface 
which is pretty smooth and shining, and mai:k- 
ed with numerous angles and hollows ; while 
the pebbles or rolled pieces have an even and 
rough surface, and approach more to the 
roundish form. Galcedony affords a good ex* 
ample of the first kind, and the rolled pieces 
of commbn quartz, rock-crystal and flint, found 
in the beds of rivers, of the second kind. 
iD. In grains. Minerals which are either loose, or 
slightly imbedded, not being intermixed with the 

basis 
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basis te whiicb tbey $xe imbedded, and no larger 
tha|i a hazel-hiit> are said to €N:cur in grains. 
. This ishape is distinguished 

a. With regard to size, into 

^. LargCy tiiat is, when they are from the size of 
ii baeel<4i«it to thltt of a pea. Examples, 
Meadow-ore and precious garnet. 

^ Coarse^ from Ihe size of a pea to that of a 
fae«f>-s«ed. Example, Pyrc^e. 

y. SiBMlly from the size of a hemp-seed to that of 
a millet-seed. Examples, Precious garnet, 
pyrope and iron-sftnd. 

}. Fine^ from the size of a mUlet-seed until it be- 
comes nearly undistinguisbable. Example, 
Platina. 

The grains are further distinguishable 

b. With regard to the exacter determination of the 

shape into 
«. Angular grains^ as in iron-sand. 
yS. FiaUisk grninis, as in platina and goId» 
y. Boundish-grains^ as in pyrope and precious^ 
garnetw 

c. With regard to connection with other minerals. 

«. In loose grains. 
/i. In imbedded grains. 
y. In superimposed grains. 
E. In plates. Minerals which occur in external shapes 
whose length and breadth are great in compari- 
son of their thickness, in which the Uiickness is 
not equal throughout, and is so considerable, as 
to allow the fracture to be distinguished, ape said 
to occur in plates. The maxinium thickness of 

, plates 
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plates is half an inch. According to the degree* 
of thickness, it is distinguished into ^ 
a. Thick plateSf when they are as thick as the back 

of a penknife. Example, Red silver-ore. ^ , 
i. Thin plates. Where thinner than the preceding. 
Example, Silver-glance, or sulphureted silver- 
ore. 
F, In membranes or flakes. This shape is distinguish- 
ed from the former by its thinness, as it never 
greatly es^ceeds the thickness^ of common paper, 
and the fracture cannot be discriminated. Its 
different degrees of thickness are, 
a. Thick. Example, Silver-glance or/ sulphureted 

silver ore. 
I. Thin. Example, Iron-pyrites, 
fc. Fcry thin. Example, Copper-pyrites pn clay- 
slate. 

2. Particular External Shape. 

Particular external shapes difier from the common ex- 
ternal shapes, in bearing a resemblance to natural or ar- 
tificial bodfes, and in being far more characteristic and 
varied in their aspept. They are called particular ^ because 
they are not so common among minerals, qs the common 
external shapes. There are five different sets, entitled, 
longishy roundish^ Jlat^ cavernous^ and entangled. Each 
of these sets have their subordinate kinds, which we shall 
now describe. 

A. Longish Particular External Shapes. ,. 

jB. Dentiform^ adheres by its thick extremity, and 
f becomes gradually thinner, incurvated, and at 
length terminates in a free point, so that it re- 
sembles a canine toothy whence its hame. Its 

. . length 
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length is from a quarter of an inch to a foot. 
It is one of the rarer kinds of external shapes^ 
and is peculiar to certain metals. Examples, 
Native silver, silver-glance or sulphureted siL 
ver ore, and native copper. 
,L Filiform, adheres bj its thicker extremity, and 
terminates by an almost imperceptible diminu- 
tion of thickness, and is usually curved in differ- 
ent directions. It is thinperand longer than the 
dentiform. Example^ Native silver, siiver-glance 
OF sulphureted silver^ore, native gold, and native 
copper. 

c. Capillary. When the filiform becomes longer and 

thinner, it forms the capillary. It is generaUy 
much entangled, and sometimes the threads are 
so near each other that it passes into the com- 
pact. Example, Native ^silver. . , 

d. Reticulated is composed of many straight threads, 

which are sometimes parallel and sometimes kneet 
each other at right angles, and form a net-Jike 
^hape. ,The whole b a series of minute crystals, 
and is distinguished from the capillary by its 
threads being always straight. Examples, Na- 
tive silver, native copper, and copper nickel. 

e. Dendritic. In this external shape we can, observe 

a trunk, branches, and twig3, w-hich are distiu- 
guished from each other by their thickness, .the 
trunk being the thickest. It is divided into re- 
gular and irregular dendritic; in the first, the 
branches are set on the trunk, and the twigs on 
the branches at right angles, or at angles more 
or 1/ess acute.^ as in native silver ; in the second, 
^he branches proceed from ^e stem, and the 

twigs 
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twigs from the branches irregularly, and the 
shape is not^ as is the ease with the regular den- 
dritic, a series 6f crystals^ Examples, Native 
copper and brown hematite* 

jr. Corallotdal or cordUfirtn, When two or three 
branches, hating rounded or pointed extremities, 
proceed from one stem, the coralloidal external 
shape is formed. There are usuaUy many stems 
together. From its res^nUance to copal, it is 
denominated Coralloidal. The yariety of arrago- 
tiite, called fm ftrri^ is an eiceilent example of 
this kind of particular external shape. 

^. ^talaetttiCf A mmeral is smad to possess a stalac. 
' tttic elcternal shape, when it consists of different 
straight more or less lengthened rods, which are 
thickest at their attachment, and become nar- 
rower at their free extremity, which is rounded 
or pointed. Examples, Cfdc-siater, Wown he- 
matite, and calcedooy. 

A. Cylindrical consists of long, rounded, straight, im^ 
perforated, usually parallel rods, which are' at- 
tached at both extremities, and are generally 
thicker at the extretnities than the middle. The 
interstices are either empty, or filled up with an- 
other mineral. Examples, Galena or lead-glance 
and brown iron^one. 

t. TuMform consists of long, usually single, perfora- 
ted tubes, which are somewhat longitudinally 
knotty. Example, Calc-sinter. 

k. Clnviform is the reverse of stalactitic ; it is compo^ 
sed of club-shaped parallel rods, which adhere by 
their thin extremities. Example, Compact 
bkck ironstone. 

/. Fruo- 
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I. FrKciiimt' This es^terna} ^hskpe i« formed when 
many branches issue from a eomiooii stem and 
meet together partjwise, so thai the whole when 
tiewed from abore haa a fntetieose aspect, not 
unlike the appearance of cauliflower. £,xamples, 
. Gak-^nti^r and black ironi^q»e. 
B. Bwndish Piifrtieular Exiernmi Shapet. 
a, Glcbular. Under fWs, as mentioned in the tabular 
Tiew, afe comprehended. 
«. Perfici globular or sphcriialy as in alum-slate 

and pisiform iron ore. 
$. Imptrfect globular^ as In* oaleedonjr, «amelian, 

agate, and Ifoq pyrites. 
^. Omiial or elliptical. Example, Rounded masses 

of quartz in puddingstoiie. 
>. SpherotdaL When the spherical is compressed 
the spheroidal is formed. Examples, Egyp- 
tian jasper and' calcedony. 
6. JmygdahidaL When the oroidal h compressed 
in the direetiofi of its length, the aaaygdaloidal 
is formed. Examples, Zediile, ealo««ous-spar 
and green earth. 
h. JSofrj^oMJatcoHsistsof large segments of small balls, 
which are regularly heaped together, and have 
many interstices. It resembles grapes, whence 
its name. ExampIes,^ Black iroastone and cake- 
dony. 
Ci Reniform consists of small segments of large balls, 
which are 60 closely set together, that no inter- 
stices areforined. Examples, Red hematite, cal- 
cedony,. and malachite. 

rf. Tuberesf, 
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i. Tuberose. This shape consists of irregular round- 
ish or longish elevations and depressions.' Ex- 
amples, Flint and menilite. 

c. Fused'Kkej'or liquiform*. I t'consists of numerous 
very flat rounded elevations, which are general- 
ly depressed in the middle. The whdie has a 
rough and glimmering surface, and resembles the 
surface of slowly cooled metal. It is one of the 
' rarest of the external shapes, and has been, hi- 
therto found but in one mineral, that is galena 
or lead-glance; whieh variety is found in the 
mine called Alten Griinen Zweig, situated be- 
hind the mining village of Erbisdorf near Frey- 
berg, and in that named Methusalem in the same 
neighbourhood. 

C. Flat Particuiar External Shapes. 

a. Specular has on one side, seldom on two opposite 
sides, a straight smooth shining surface. It oc- 
curs in veins. Examples, Galena or lead-glance, 
copper-pyrites, red ironstone, and quartz. 

&. In leaves. In this external shape there are thin 
leaves, which are either irregularly curved, or 
are straight, and have throughout the sanv^ 
> thickness. It is distinguished from the external 
shape in membranes by the uniformity of its 
thickness, by its irregular curvatures, its conti- 
nuity, (the membranous external shape being 
often interrupted,) and its usual adherence by 

one 

• The term Uquiform is used by Mr Wbatrr» in his excellent tran^. 
Nation of WiBiTBR's Treatise ©n the External Characters of Mineral. 
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one extremity, shewing that it is a kind of crys- 
talline shoot. It occuts frequently in native gold, 

but seldom in native silver. ^ 

» » * . 

Di Cdvtrndus Parikutar External Shapes. 

a. Cellular. A mineral is said to be t^ellular, when it 

is ooinposed of straight or bent tables, whi^h cross 

together in such a nianner as to form empty 

spaces or cells. 

«. Straighty or angulo-cellular^ in which the tables 

' are straight. It is divided into 

1. Hexagdnal^ as in quarts, and cellular pj^rites. 

2. Poljfgowdy as in quartz. 

/3. Circulo-ctUular^ in which the tables are curved. 
It is divided into 

1. Parallel whete the cells ar^ in rows, and ot 
a cylindrical shape. Example, Quartz. 

i. Spongiform,. In this figure the cells arc cy- 
* lindrical, of equal si^e, very smallj bent, ly- 
ing near each other, disposed in different 
directions, and not parallel^ as in the preced- 
ing* Example, Quartz^ 

3. Indeterminate. - In this figure the cells have no 

particular shape^ and are of different sizes^ 
Example, Compact ironstone; 

4. Double circulo-cellulari cotisbts of large flat 

cells, whose walls are beset with other small- 
er ones. Example^ Quarte. 
, h. Impressed. That is, when one mineral shews t|ie 
impression of any particular or regular ettemal 
shape of another mineral. , tt bordet^on the cel- 
lular shape, and is fqrmed when a newet* mine- 
ral is deposited over an older, the form of which 
N it 
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it asiiutnes, and retains 6ven after the impressihrg 
mineral has been destroyed or removed. 

a^. With impresaions of crsytals. ^ 

«. CMcai, as in quartz or iron-pyrites, from fluor- 
spar. 
/S. Pyramidal^ as in liomstoney originating from 

' calcareous-^par. 
y. Tabular, as in quartz, originating from heavy 
spar. 

h b. With impreaaions of particular external shapes. 

tb. Conical^ in native arsenic. 

/S. Globular, in silver-glance or sulphureted siU 
ver-ore, from red silver-ore. 

V* Beniform, in silver- glance or sulphureted sil- 
ver-ore, from red silver-ore. 

«. Perforated^ consists of long vermicular cavities, which 
occupy but an inconsiderable portion of .the mass, 
and terminate on the surface in small holes. When 
the holes become very numerous, it passes into 
spongiform. Example,. Bog iron.-ore. 

i. Corroded. A fossil is said to be corroded when it is 
traversed with numerous hardly perceptible round- 
, ish holes. The volume occupied by the holes is 
nearly equal to that <9f the basis. It has the ap- 
pearance of wood which has been gn'awed by in- 
sects. Example^, Quartz, galena or lead-glance, 
and silver^iglance or sulphureted silver-ore. 

;«• Amorphous is composed of numerous xoiindisb and 
angular partsr that form inequalities, between whicb 
there are equally irregular hollows. The whole has 
th« appearance as if a number of small balls and 

angular 
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micular pieces were heaped on one another. Ex- 
amples, silver-glance or sulphureted Silver-ore, and 
meadow ore. 
/. Vesicular. When a mineral has distributed through 
its interior .many single, usually round, elliptical, 
and spheroidal, also amygdaloidal, or irregular 
shaped cavHies, it is said to be vesicular* The ca- 
vities are usually less in volume than the solid part 
of the mineral, and they are larger than the holes 
or cavities in the corroded external shape. Ex- 
amples, Wacke and lava. 

£• Entangled Particular External Shapt^ 

a. Ramose. It is composcjd of longbh, angular, mol*e 
or less thick branches that are bent in different 
directions, but in which no trunk or common 
stem is to be observed. It pi'obably originates 
from the greater magnitude of the vesicles in 
the vesicular, the vesicles breaking into each 
other. Examp}es, Meteoric-iron, silver^glance 
or sulphureted silver-ore, and native copper. 

3. Regular External Shape or Crystallization. 

Every external shape, whose natural contour or outline 
is composed of a determinate number of planes, which 
meet together in a determinate manner, is denominated a 
Crystal. ' 

In describing crystals, we have to consider, J. Their 
Genuineness; B. Their Shape; C Their Magnitude; 
D. Their Jiiaehment. 

J. The 
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4' The Genuineness o£ Crystals. 

This refers to the division of Crystals into TVice find 
Supposititious.^ The true are the forms which tjie 
same substance always assumes, and which are pe- 
culiar to it ; the supposititious are those regular £<« 
gures -whose shape does, not depend on the suhstance 
of which they are composed, but is owing to pre- 
existing crystals, or crystal-moulds. * 

Supposititious Crystals are formed in two ways : 

1. When an imbedded crystal falls out and leaves 
an einpty mould, which is aftei;;wards filled 
, >jp with fossil matter, a figure or crystal cor- 
responding in slf ape to the mould is formed. 
The supposititious crystals formed in thi^ 
manner are smoother, and have sharper 
edg^s and angles than the sviccee4ing kind, 
and* their interior is often hollow and drusy. 
^. ^hen a mineral is cjeppsited ovef ^ pre-exist^ 
ing crystal, and assumes its figure,- th£ second 
kind of supposititious crystal In formed. The 
pre-existing crystal either remains, forming 
the nucleus, or it (iisappears when "Ihe suppo- 
3ititious crystal is I^oUqt^. It differs from the 
^rst kind in having generally a rough and 
drusy surface, blunter edges and angles, a^ 
the inner surfaces smooth. 
The first ki|^d of supposititious crystal is a cast <ir fillt 
ing of the space formerly occupied by true cryst^ ; ths 
second is merely an incrustation of true crystals ♦. 

True 

f ; : : ■ — r-— ; 1 

' * A third kind of crystal has been particularljr pointed out fay Bksithabft. 
|Ie names it the metosMrfhoKd or ckan^ crystal; the Ibnn is not attend, 

''■'■'■ w 
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• True and supposititious crystals are distinguished from 
each oth«r by the following characters : 

a. Trm crystals. 

«. Are transparent and semitransparent. 

fi. Their planes are smooth and shining or splen- 
dent, or they are regularly streaked. 

V. Their angles and edges are sharp. 

if Are seldom drusy upon the surface ; but when 
this is the case, it is remarked that all the axes 
pf the small crystals forming the drusy suirface 
are in the same position. 

f. They form particular char^pt^ristic spites. 

ft. Supositilious crystals. 

». The planes are never smooth mid shining, or re- 
gularly strei^ed; on the contrary, are gene- 
rally rough and dull. 

/S. The angles and edges are not so sharp as in true 
crystals^ but are generally somewhat rounded. 

7. They are usually hollow, and their internal sur- 
face is drusy. 

'^. They are almost always drusy, internally, in 
those formed by moulding ; externally, in^those 
formed by incrustation ; and it is remarked, 
that the small (Crystals forming the drusy 8ur-< 
faces are disposed irregularly. 

It. They are not, like true crystals, connected by 
transitions with other crystals of the same 
species : Thus the octahedral . supposititious 

crystals 

' r N- . I I -..I I ■■ I - Ill i» -m I I ■ ■ • 

butlh^ mibstance is changed by certain processes hitherto but imperfectly 
known. Thus, cubes of iron-p]rrites are changed into cubes of brown iron- 
stohe, and crystals of augite, withopt any.cfaange of fonoy are converted into 
phlorite or green-earth.— Vid. Ueber die Aecbtheit der KijrstaUe, tod A- 
jj^piTHAUPT, Freiberg, 181& 
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crystals of quartz, ivfaich originate from fluor* 
spar, do not belong to the suite of quartz. 
(^, Even in their internal structure they are diffe* 
rent from true crystals ; for they seldom pre- 
sent a fracture inclining to foliated. 
91. Single crystals are never all around crystallised. 
The following are well known instances of suppositi- 
tious crystals. 

1. Octahedral crystals of quartz, originating from 

flu or spar. 

2. Cubic crystals of quartz, from fluor-spar. 

3. Flint in double three-sided pyramids, from cal- 

careous-spar. 
4. Quartz in oblique four.sided tables, from heavy- 
spar. 

B. The Shape of Crystals. 
The shape of crystals is determined by the number and 
form of the planes or faces, and the edges .and angles 
whicK form the Contour pr outline *. Ainidgt the great 
variety of crystals that occur in the mineral kingdom, 
thiere are some simple ones, which are composed of but 
few planes, that do. not vary^ much in shape ; and of 
others, in which the pknes are not only numerous, 
but present great differences in form. These simple 
forms are nearly, allied to. the more complex ones, and 
gradually pass Jnto them by a change in the shape of 
their pl^lies. On this circumstance Werner has found- 
ed ft GrystaUpgraphic System, remarkable for its simplici- 
ty, and the ease with which it enables us to acquire di- 
stinct 



» Wb«a the facet aie very gnuOl^ th«y are uamed/oce^t. 
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sttnct conceptions of the most comjplicated crystallisa-' 
lions. He considers these simple forms as the basis of 
the others, and liames them Fundamental Figures, We 
can distinguish in them one, or, at the utmost, two sets 
of planes, which run in two directions, and inclose the 
crystal on all sides. The cube is an example of a funda- 
mental figure with one set of planes ; the prism, pyramid 
and table, are examples of fundamental figures with two 
sets of planes, which are named lateral and terminal 
planes. All those crystals in which we observe many 
different sorts of planes, he considers as changed or alter- 
ed fundamental figures ; and names the other planes 
which are generally smaller, and differ from the planes of 
the fundamental figure in direction, and in being further 
removed from the centre of the crystal, Alteratiiig Planes. 
We have thus, according to this method, to consider, 
first, The Fundamental Figures^ and then their Altera^ 
tions or Modtficatiom. 

I. The Fundamental Figures. 

The fundamental figures, as already mentioned, are 
composed of one or two sorts of planes. In order to dis- 
cover these planes in the altered fundamental figures, we 
have only to concieive the planes that* lie nearest the 
centre of the crystal, and which are generally the largest, 
extended on all sides until they join. 

In ^e fundamental figure are observed and attended 
to, I. Its Parts. II. Its Varieties or Kinds. III. The 
IKffcrencts of each Fundamental Figure in Particular. 

1. Part0 
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1 . Parts of the Fundamental Figure. 

, The fundamental figure is composed of lateral and ter* 
ndnol planes ; of lateral and terminal edges ; and of angles, 

1. Lateral planes are the greatest planes that bound 

the smallest extent. Terminal planes are the 
smallest planes that bound the greatest extent. 
In the prism they form the &»e«, but in the table 
they are the smaller planes that surround the two 
largest planes. * 

2. Lateral edges are formed by the junction of two 

' lateral planes, as in the prism and pyramid ; but 
^ in the taUe, where the lateral planes do not meet, 
the lateral edges are those formed by the m^et* 
log of the lateral planes and the terminal planes ; 
or we say, they are the edges of the lateral faces 
of the table, so that there are eight lateral edges 
in a 'four>sided table, &c. Terminal edges are 
formed by the junction of lateral and terminal 
planes^ as in the prism and pyramid; or they are 
those that surround the terminal planes in the 
prism or the base of the pyramid: they are 
also formed . by the junction of two terminal 
planes, as in the table *. 

3. Angles. The point in whidi three or more planes 
. meet, is called a solid angle. 

II. The Varieties or Kinds of the Fundamental Figure, 

Werner admits seven fundamental figures, tiz. icosa- 
hedron, dodecahedron^ hexahedron^ prism, pyramid, table, 
and lens. 

1. Icosahedron 



'■ * The tenoinal edgea in the taUe ai:e thoM that measure its thicknesi^ 
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1. Icosah^dron is. a solid having twenty equilateral 
triangular plaaesy Chat meet tpgether under near- 
ly equal obtuse angles ; and of twelve angles, so 
that there are. always five planes to form an angle. 
Fig. 1. Pl.:l. It is rare. Example, Iron-pyrites. 

9. Daditahidr&n htA twejvts regular pbntagonal plan^ 
that meet under eqiiiil obtuse angles; and of 
twenty angles.: Fig. S. PI..I»: It dccurs but sel- 
dom. Esample, Iron-pyrites* 

3. Hexahedron is a sOlid^ having sit quadrilateral 

plaines and eight aiigles. It .includes the cube 
Fig. 3. PJ. I. ; and the riiomboid, Fig. 4. PL I. 
whiith is sometimes considered a^ a double th^ee- 
sided pyramid, in which the lateral planes of the 
one are set on the lateral edges of the other. 
It is very frequent. Examples, Calcareous-spar 
and fluor-spar. 

4. Prism bus an indeterminate iiumber of quadrangu- 

lar lateral planesterminated by two equal termi- 
nal planes parallel to each other, and having as 
many sides as the prism has lateral planes, Fig. 5. 

. PL I. This is the most frequent of the funda- 
mental figures. Examples, Calcareous-spar, rock* 

* crystal, schorl and topaz. 

5. Pyramid has an indeterminate number of triangular 

lateral planes con verging, to a point, and a base 
possessing as many sides as the figure has lateral 
planes. Fig. 12. PL I. The terminal point is 
called the summit or apexy and the flat part the 
base. It occurs very often. Examples, Qalca- 
reous-spar and Miethyst. 

O 6. Tab/e. 
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6. TMe has tiro eqiul and parallal lateral pUtaes, 

which tfieveiy large mcompatisoikaf tlieothen^ 
i ' and which ace bMBde^ by an iad^amiiiate num- 

ber of sttiall foor-dded terminal planes. Fig. 15. 
PL I. It. 18 bnt a very short prism. It is pro- 
perto obserfe^ that Uie |>arts of the taUe arenot 
denominated as those in the prism, but interse- 
Ijr, the lateral planes of the table ouTesponding 
to the terminal planes of the prism, and the ter* 
minal planes of the taUe to the lateral planes of 
the prism. It does not oceor Tcrjr Aften* £x- 
ainples, Heavy^ar and calcareooMpar* 

7. LtM has two eunred fhces or planes. Fig. 19. and 

20. PI. I. It occurs but seldom. Example, Spar- 
fy inmstone. 



III. TU IHfferenemofeaei Funiammtal figure in par- 
iicnlar. 

Here we have to determine, 1. The SimpKciiy. 8. Num- 
ber of Planes. 3. Propiyrtional size of the planes to one 
another. 4. Direction of the Planes. S. Angles under 
which the planes meei. 6. Plenitude, or fulness of the cry-- 
sials. 

I. Simptie^4 

With respect to simplicity, the fundamental figures 
are either simple or d&ubk. This distinction, however, is 
confined to the pyramid^ as the other six kinds of primi- 
tive figures occur simple only. Fig. 12. PL I. is a simple 
pymtoid ; and Fig. 13. PL I. a double pyramid. 

The 
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'■ The Bnnpk figure is also dutugaisiiedi in regard of iU 
pi»sittOD, ihio ertet or tkt^er^eil, according m it adheres by 
its base or its summit. The kireited has. hitherto oeear4 
red only in cdcareous-spar^ and is very rare* 

In the double figure, we have to attend to the placing 
of the lateral planes ; thus, the' lateral planes <^tbe one 
pyramid are placed either straighl or Mique on the laterid 
planes of the other pyramid. In Fig. 13. Fl. h they are 
placed straight ; and in Fig^ 14. PL h th^y are placed 
oMiquely ; or the lateral planes of the one pyramid are 
set either on thelatend edges, as in Fjg*35« FI. II. w on 
the lateral planes of the other, as in Fig; 13* Fl. I. 

9. Number of Planes.. 

The number of planes in the icosahedron, dodecahe; 
dron, hexahedron, and lens, is always determinate, but 
in the prifi^, pyramid, alnd table, is indeterminate. In 
the ptkm and pyramid, it is only the latere} plane$ that 
vary in number, but in the table, it is the terminal 
|)lanes. 

The prism occurs with two, three, four, six, eight, 
nine, and twelve lateral planes. The trihedral or three^ 
sided ONCcursin sdiorl and tourmaline. The four-sided 
or tetrafaedral prism. Fig. 5. PL I. occurs very often ; we 
'have eaeamples of it it felspar, zeolite, sireon, and 
Jheavy-spar.' The six-sided or hezahedral prism. Fig. 8« 
I^. I. occurs very often, and is the most common 
prismatic crystallization -, quarta, emerald, beryl, caL* 
careous-spar, heavy-spar, and actynolite afford examples 
of it. The octahedral) or eight- sided prism, is rare ; if oe* 
curs in augite and topaz. The nine and twelve sided 
prisms are merely varieties of the preceding figures ; the 

first 
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first is formed by the bevellicg of the l0t«ral eilges^if the 
trihedral prism, -the oth^r hj the tniacation of the ]f^« 
teral edges. of the six-sided prism. Beryl affords ap 
example of the twelve-sided and toiirmaliiie of the nitte* 
sided 'prism. 

• The pyramtd. occurs with thr^e, fpyjc, sljc, and eighj 
sides. ' The three-sided pyramid. Fig. 9. PI. I. is either 
«higle or double ; of the singli^ we have examples in grey 
cdpper-^re, spine], copppr-pyrites; and many othermine- 
rals. Exampiles of the second ppcur in calcarepiis-spar, 
as in Eig. 10. PL I. The four-sided pyrapiid is the 
most common, and is always double, Fig. 11. PI. I. ; 
when it appears single, the one half is either hid in part 
or altogether in the matrix ; diamond, zircon, and fluor- 
spar, are* examples. The six-sided or hcT^ah^dral py- 
ramid occurs single, as in Fig. 12* PI. I. and double tfs 
in Fig. 13. PL I. Estamples of it occur in sapphire apd 
calcareous-spar, red silver-ore, white lead-ore, quartz, 
and amethyst. ' The eight-sided is always double, and 
acuminated on both extremities by four planes, as in 
Fig. 35. PL II- vExanaplesof it occur in Jeucite,' gar- 
net, and silver-glance or sulphureted silver-ore.' 

The table his four, six, or eight terminal planes. The 
tArcc-sided tables are mfere varieties of some of the other 
jfigures. The four-sided table, l^ig. 15. PL I. occurs 
frequently, as in^^heavy-spar, white ore of antimony, £^nd 
yellow lea;d-ore. The six-sided table, Fig. 17, PL I. oc- 
curs still ' more frequently : we have examples of it in 
inica, calcareous-spar, heavy-spar, and native gold. The 
eight-sided table occurs in heavy-spar and yellow lea4- 
'-orei. 

3. Proportiona/ 
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3. Proparttonat Size of the Planes to one another. 

This character is not of very much importance. The ^ 
planes are either equilateral or unequal ; where they are 
unequal^ they are either indeterminately or determinate- 
ly unequal. The determinately unequal planes are, as 
mentioned in the tabular view, «. Alternately broad and 
narrow ; /s. With two opposite planes broader ; y. With 
two opposite planes narrower. We shall illustrate ihit 
character by examples drawn from the fundamental fi- 
gures. 

In the hexahedron, dodecahedron, and icosahedron, 
the planes are alike ; when any dissimilarity occurs, it is 
merely accidental, and is therefore indeterminately un- 
equal. The three*sided prism shews only slight indeter- 
ininate inequalities* The four-sided prism is not always 
equilateral ; sometimes two opposite planes are broader 
than the others, when the prism is said to be broad, as ia 
zeolite. The six-sided prism is almost always equilate- 
ral ; its varieties are generally accidental, excepting the 
following, which are somewhat characteristic. 1. The 
two opposite lateral planes broader than the others, as in 
actynolite and heavy-spar. 3. The pl&nes alternately 
broader and narrower, as in calcareous -spar. The eight 
and nine sided prisms afford only accidental or indeter- 
minate varieties, as augite, topaz, and tourmaline. 

In the pyramid, sometimes the two opposite planes are 
larger than the others, when it is said to be broad. 

'the four-sided table is usually equilateral ; it has some- 
times, however, two opposite lateral planes longer than 
the others, as in Fig. 16. PI. I. The six-sided table is 
fomf times unequilateral, or two opposite planes are larger 

than 
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, than the others, as in Fig. 18. PL I. ; and the eight- 
sided table is usually longish. 



4. The Direclton of the Planes or Faces, 

The direction of the planes or faces is either Rectilinear 
^T Curvilinear* 

k Butilinear is the most common, and is the case with 
almost all the fundamental figures. 

Curvilinear planes * differ partly by the position of the 
curvature, which is either concave^ as in fluor-spar ; cen^ 
mex^ as in diamond ; concavo-convex^ as, in sparry ironstone ; 
saddle-shapedi as in the lens > they differ also by the shape, 
being either sphertcal, as in brown-spar; cylindrical, id 
which the convexity is either parallel with the sides, as 
in ironi^pypites, or|)arallel with the diagonal, as in fluor^ 
«parv and !co»£ca/, as in gypsum, and probably also in 
galena or lead-glance. 

6. Angles under which the Planes meet. 

• The size of the angles formed by the meeting of the 
planes, is determined either by means of an instrument 
named Goniometer or angle-measurer, or simply by ocular 
inspection. Several different kinds of goniometer have 
been contrived. The first invented, and that which is 
at present most generally used, is represented in Fig. 83. 

PI. VII. 



* It is not geometrical]; oorred to speak of curved planes ; jet,' as tKa 
tenn plane' is more* generally used by mineralogista than -fice^ or fid«» I 
'bave not thought it necessary to make any alteratioD. 
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PL VII. It consiflia of a sehaiciccle of brass, divided 
into degrees. At its centre C is fixed a pin, upon which 
slide the two arms AB and GF. The last of these GF, 
by means of a screw, may be fixed in any position, so 
that the distance between the end G and thecentre* may 
. correspond with the face of the crjrstal to be measured. 
The other arm AB is drawn up, till the distance between 
B and the centre corresponds as nearly as possible with 
the size of the other face of the crystal. It id then turn- 
ed round, till the angle of the crystal to be measured, 
corresponds exactly with the angle B c G ; the arm AB 
then cuts the same circle in the angle which corres{H>nd$ 
with that of the crystal. There is a hinge upon the mid- 
dle of the brass semidrcie which is not seen in the figure. 
By means of it, one-half of the semicircle may be thrown 
back, when the crystal to be examined happens to be so 
situated, in a group, that the arms could not otherwise 
come at it. This is the goniometer used by Romb d8 
L181.E, Hacy, Bournov, Bbrnaroi, Weiss, and other 
erystallographers. An instrumenit, contrived upon optical 
principles, and susceptible of a greater degree of accuracyy 
has been described by its inventor the celebrated Dr Wol- 
LASTON. Fig. 86. PL VIIL r<epresents Dr Wollastom^s 
goniometer as. originally constructed. <^ It consists of n 
brass circle .graduated on ita edge, and mounted on a ho-j 
rizontal axle, supjxirted by an upright piJlar. This axlfi 
being perforated, admits the passage of a smaller axlo 
through it, to which any crystal of a moderate size may 
be attached by a piece pf wax, with its edge or inteneq^ 
tion of the surfaces, horizontal and parallel to the axis ^S 
motion. This position of the crystal is first adjiist^, so 
that, by turning the smaller axfe, each of the two f ui:^ 
faces, whose inclination is to be measured, wiU n flei^t tb^ 

same 
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same light to the eye. The circle is then set to 2er6, df; 
to 180^, by an index attached to the pillar that supports 
it. The small axle is then turned, till the further sur« 
face reflects the light of a candle (or the bar of a window) 
to th^ eye ; and, lastly, the eye being kept steadily in the 
same place, the circle is turned by its larger axle till the ' 
second surface reflects the same light. This second sur- 
face is thus ascertiained to be in the same position as the 
former surface had been. The angle through which the 
circle has moved, is, in fact, the supplement to the in- 
cliffation of the surfaces ; but as the graduations on its 
intargin are numbered accordingly in an inverted order, 
the angle is correctly shewn by the index without need 
of computation. The best way of using the instrument, 
is to plaqe the eye within abdut an inch of the face of the 
crystal, and to .turn it by means of the small axle, till a 
bar of the window, or some other distant object, be 
brought exactly to correspond with the bottom of the 
window. You then turn the circle till the other face is 
in the same position. The index now points out the size 
of the angle measured. ' 

In Fig. 85. a £ is the principal circle of the gpniometer, ^ 
graduated on its edge ; c c the axle of the circle ; d a 
milled head, by which the circle is turned ; c e the small 
axle for turning the crystal without moving the circle ; f 
a milled head on the small axle ; g a brass plate support-, 
ed by the pillar, and graduated as" a vernier to every five 
minutes ; A the extremity of a small spring, by which the 
circle is stopped at 180^, without the trouble of reading 
off; ft and k k are two centres, of motion, the one hori- 
zontal, the other vertical, for adjusting the position of 
the crystal ; one turned by the handle /, the other by the 
milled head m. 

The 
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The crystal being attached to the screw-head at the 
poiiit n (in the centre of all the motions)* with one of its 
surfaces as nearly parallel as may be to the milled head m^ 
is next rendered truly parallel to the axis by turning the 
handle Z, till the reflected image of a borizdntal line is 
seen to be horizontal. ^By meahs of the nlill^ head f^ 
the second surface is then brought into the position of the 
first; and if the reflected image from this surface is folundl 
hpt to be horizontal,. it is rendered so by toniing the 
milled head m ; and since this .motion is parallel to the 
first surface, it does not derange the preceding adjust- 
ment. See PktL Trans. 1809, Part II. . . 

Another goniometer, upon optical principles, has like- 
wise been invented by our distinguished countryman Dr ' 
Brewsteh. Fig. 86. PI. VIII. exhibits a view of this go- 
niometer. AB is a circle about six inches in diameter, divi. 
ded into 360°. It moves round OO as a centre, add is sup- 
ported by two upright bars M, N, fixed with screws into 
the stand SS. To the ring OO, supported by thes^bars, is 
fixed the arm G, that carries the vernier scale £. . This 
scale remains stationary, while a rotatory motion is com- 
municated to the divided circle AB, by means of a pinion 
moved by the. milled head Q, which' works in the teeth 
cut upon the circumfef*ence of the circle AB. A rectan- 
gular^ piece of brass L is fixed by two screws to one of 
the radii R of the graduated circle, so that the slider s s 
may move upon it, and be placed at different distances 
from the centre of motion, by laying hold of the pin be- 
low 9. A thin plate b c, forming part of the cock tbcC 
on the top of this slider, carries the' crystal, and by means 
of its projecting extreinity b this plate has a motion round 
the screw c\ in a plane perpendicular to that of the di- 

P * vided. 



114 £XT£BNiX eHABACT£RS« 

Tided circle. JBelow tJhis is aBOther fdate, wlnoh i^ ffeea 
at a, and which may be rdbed and 4q)r«ned rouad an 
axis^ one end of wUch appeart ti «, by turning the acxew 
i, which works in the plate below a. Below the plate 0, 
and fixed to it by the screw C, is another piece of brass 
fastened to the top of the slider by the screw abov» C, 
and moveable, iff means of the lever <, round that screw; 
as a centi^9 in the same plane with the cirde. When 
th0 handle b fs enjoyed to move the plate be^ it , is 
pushed to or from the plane of the circle AB.. Whas 
the levar t is used to give the whole 4M}dc bcCja, mtatory 
motion about the aprew €., it is moved in a plane pacallel 
to tiiat of the circle AB ; but when t is used to raise or 
depress the plates be, and a, it is turned round like a 
acTew. By 1^ combination of these motions, the com- 
mon section of the surfaciBs of the crystak is brou^t into 
a position parallel to the axis of the instrument. This 
adjustment is effected by placing the graduated circle in 
sueh a position, that a verticaF window bar, or any^ther 
straight line, i^ i^early in the plane of tlue circle. A mo- 
tion of rotation is then given to the crystal by the leva: 
I; and if the rejected image of the window bar fiorms 
one straight line with the object itself, when exanrined 
in each surface of the crystal, the adjustment is complete^ 
or the phme-of the graduated circle is parallel to a plane 
at right angles to the edge or common section jof the sue- 
&c€s of the crystal. The instrument is then placed in 
such a position, that the plane passing through the eye 
and the window bar is perpendicular to the plane of the 
divided circle, or that the edge or common section of the 
surfaces of the crystal, points to the bar of the window, 
the index is s^t to the beginning of the scale by means 

of 



CEYSTALLIZATIOK^ 115 

of m stop at the 180th degree^ aad the image of the ver- 
tieal window bar, or bbj rectilineal object formed hj re- 
flection from the fint or right hand surface of the crystal^ 
ii brosght to coincide with the direct image by the ver- 
tied motion of the cock« The whole graduated circle is 
then made, to revolve bj the toothed pitiion, till the re- 
flected image of the vertical bar again cotncidea with the 
direct image when examined ia the other surface of the 
crystal. When this position is obtained, the index of the 
vcfnier vfi& .point out, on the divided arch, the angle of 
the crystal. In order that the instrument may be used 
merely when h^ld in the hand, a vertical frame UK is 
attached to it by the mrm DH, and the parallel silver 
wives stretched across it are. used instead of the window 
bar.'' 

' The other mode of ascertainiog the magnitude (^crys- 
tals, namely, by ocular inspectiop, without the aid of the 
gomoraeter« is that pfliclised by Webncr. In this way 
be determiiied the whole of the species in the system* 
The foUowivg are the terms used by him when describing 
lhe.fmg}es and edges of crystah. 

Several different kinds of angles occur in the funda* 
mental figures : these are the angles of the lateral edge^y 
angles. Qf the iermnal edges j and the summit angles, 

1. The angles formed by the meeting of the lateral 
planes, are liamed the angles of the laieral edges, 
or, to shorten the description, simply lateral 
edges. Thus, we say, acute and obtuse lateral 
edges, in place of acute and obtuse angles form- 
ed by the meeting of the, lateral planes. The la- 
teral edges are either equiangular, or unequiangu- 

lar. 
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lar. In the icosahe^ron, all the edges are equi-^ 
angular. In the dodecahedron, the edges are 
equiangular. The hexahedron is either equian- 
gular and also rectangular^ or unequiangular and 
oblique angular. The rectangular hexahedron 
is named ciAe ; the oblique-angular, rhomboid. 
In the prism, the lateral edges are either equian.- 
gular or unequdangida:^. The fouc-sided prism, 
with unequiangular lateral edges, is denominated 
an oblique four-sided prism, Fig. Q. PI. I. In 
the pyramid, the lateral edges are generally equi- 
angular; seldom unequiangular. The same is 

> the case with the table; when the edges are un- 
equiangular, we saj the terminal planes are set 
obliquely on the lateral planes. 

9. The terminal edgei are either equiangukir or un^- 
equiangular. In the prism they are generally 
equiangular, as in Fig. 6. PL J. ; and sometimes 
unequiangular, when we say that * the terminal 
planes are set obliquely on the lat^al pbnes, as 
in Fig. 7. PI. I.. They are aljvays equiangulai* 
in the pyramid. In the table they are as in the 
lateral edg§8 of the prism. 
3. The summit angle. It occurs only in the pjrramid. 
It is n^ieasured from plane to plane, or from 
plane to edge. Werner determines i^ in de- 
grees in the following manner. 

a. Extremely acute is from 1^ to 30<^, 

b. Very acute, ifrom 30<> to 60*>. Example, Sap- 

phire. 
f. Acute, from 60® to 70?. Example, Calcareous- 
spar. 

- d, Rat^^ 
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d. Rathet acute, from 70^ to 90^. Example, 

Quartz. 
<r. Rectangular 90<^. Example, Zircon. 
/. Rather obtuse, or rather flat, from 90^ to 110«. 

Example, Honeyatone. 
g. Obtuse or flat, frpm 110« to ISO^. Example,' 

Calcareous-spar. 
h. Very obtuse, or very flat, ftbm 136^ to 160*^. 

Example, Tourmdine. 
i. Extremely obtuse, or extremely flat, from 150^ 

to 1800. 

6. Pleniiude or Fulness of ike Crystab* , 

A. Full, as in almost all crystals. 

B. Excavated at the extremities^ as in green lead-ore. 

C. Hollow. . Olive-green-coloured calcareous*spar from 

Schemnitz in Hungary, occurs in acute hollow 
three-sided pyramids. 



II. Ths Alterations on the Fundamental Figure. 

These occur on the edge?, angles and planes, and are 
produced by, i. Truncation ; ii. Bevelment ; iii. AcuminO' 
tion ; and, iv. Division of the Planes. 

{.Truncation. 
When we observe on ^ fundamental figure, in place of 
an edge or angle, a small plane, such a plane is denomi- . 
nated a Truncation *. 

These 



* WsKifm, In asminung certain fundamental figures, and suppodog 

^)em variously modified, doea not propoae to point out the course followed 

• by 
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These aew planes are named Truncating Plana:, and 
the edges which they form with the other planes Trun^ 
eating Edges i - ^ 

We have here to observe what relates to the. sitntdion^ 
magnitude, the setting on or potititM, and the direction of 
the truncation. 

a« In regard to the ^tfifoltpii of the truncation, it is 

dther on the-^^ edges «r on the angles^ and some- 

*^' times a few, sometiines all the angles and edges 

. of the figare ai*e truiicated. Fig. 21. Pl.II.^is 

a cube truncated on the angles ^ and Fig. 28. a 

cube truncated oii the edges. 

b. In rega|xl to the magnitude of the trutaclition, it is 

either deep or slight, according as niore or less of 
the fundamental -figure is wanting ; and coi^se- 
quently the truncating planes are piroportionflly 
' greater or smaller. 

c. The planes are set on either straight or oblique. 

They are said to be set on straight, when they are 
equally inclined on all the adjacent planes ; and 
set vn obliquely, when they are not equally in- 
clined on the adjacent planes. 

d. The truncating planes in regard to their dtVfclum, 

are either straight or curved. In th6 latter case^l 
we also say that the edge or angle is rounded 6ffJ 

ii. Bevelment 

by nature in their fbnnfttidn. He employs a piecoliftr dSteriptivi Itognage 
to eonvey « ooneeptioit of theii' fotmi^ aot to aqUn tfae^er of tiieir can* 
ttruction. When he describes a crystal as truncated tn^ts an^n or edges* 
he luiows very well that nature does not b^n by making a crystal com- 
plete, in order afterwards to truncate it more or less on one or other of its 
parts ; he only expresses by this term the appearance' the crystal presenfi to 
the eye, thus employiag a weU known term to exprsM an operstim of na- 
ture which stffl rexnahtt to ut a mystery* * 



• CAYWrAttlZATIOM'. * ll6 

ii. Btvelment or Cumature. 

When the edges, terminal planes, op angles, of a fun- 
damental figii^e are so altered, that we ob^^ve in theii* 
place two sQiallar conTerging planes, terminating in an 
edge, it is said to be berelled. These two newer or addi- 
tional planes are named bevelling' planes ; nvid the edge 
formed by their meeting, the kevelling edge. We have 
here, again, to observe the situation^ magnitude, angle, 
uniformity J and setting on of the bevelment. 

a. In regard to aiiuation, the bevelment is generally 

on the ed^, sometimes on the terminal planes, 
jand seldomer on tiie angles. Fig. S3. PI. il. is 
a cube bevelled on the edges ; Fig. 84. a three- 
sided prism» bevelled on the lateral edges; 
Fig. 25. a four-sided prism, bevelled on the ter- 
minal planes, the bevelling planes set on the la- 
teral edges ; Fig. 86. a table bevelled on the ter- 
minal planes ; and Fig. 27* an octahedron be- 
velled on all the angles. 

b. In regard to magniiude of the bevelment, it b ei- 

ther deep or slight, according as more or less of 
the fundamental figure is wanting. 

c. In regard to the angle, the bevdment is obtuse or 

flat, or rectangtdar^ or acute angular. 

d. The bevelment, in regard to uniformiiy, is either 

unbroken, when it extends in one direction ; or 
broken, when each bevelling plane consists of se- 
' vera! planes,-— sometimes of two planes, when it 
is said to be once iro2een,-*«nd sometimes of three 
planes, when it is said to be twice broken. 
0. In regard to the setting on, we have to attend tt 
the posUion and the direction of the bevdment. 

o. In 
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a. In regard to the position^ the bevelment is ei- 
ther on plates or on edges. 

i. The direction varies only when the beveUing 
planes are set on the terminal planes. It is 
said to be set en straight when it is at right 
angles to the axis of the crystal ; and set oh 
oblique^ when it forms an oblique angle with 
the axis of the crystal. 

iii. Acuminaiion. 

A fundamental figure is said to be acuminated when, 
in place of its angles or terminal planes, we find at least 
three planes which converge into a point, and sometimes, 
but more rarely, terminate in an edge. 

We have hereto observe the parts o{ the acumination ; 
these are, 

The acuminating plants. 
The edges of the acumination which are, 
The proper acuminating edges» those formed by 

the meeting of acuminating plape^. 
The edges which the acuminating planes make with 

the lateral planes of the fundamental figure. 
The terminal edges of the acumination, which are 
formed by the terminating of the acuminating 
planes in an edge or line. 
The angles of the acumination; which are, 
The angles which the acuminating planes form with 

the lateral planes ; and, 
The summit angle. • 
We have to determine in the acumination, its situation ; 
the number of its planes ; proportional magnitude of the 
planes among themselves ; the setting on or- application of 

the 
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iii. pt^tw; the angks of the <icumnaHQn; 1(3 magnitude 
and termination, 

a. //« situation is eitheir on apgles, as in Fig. S!B. and 29. 

PI. II; or on tcfrmiiial plajies, as in Fig. 30. PI. XL 

b. The number of planes is tht^e^ as in Fig. 33* and 34. 

PI. II. ; four, as in Fig. 30. PI. II. ; six, as ih 
Fig. 31. PL II. ; or eight, as in Fig. 35. PI. IL 

c. The proportional magnitude of the planes among 

themselves^ is a character of but little importance. 
Thejr are generally determinatelj unequal, as in 
heayy-^spar ; or undeterminately unequal, as in 
rock-crystal. 

d. The setting on or application of the planes refers to 

their position on edges, as in Fig. 29. 32. 34. PI. II. 
V or planes, ais in Fig. 28. 30, 31. and 33. PI. II. 

When the planes of an acumination are not set 
on all* the edges or planes of the fundamental fi- 
gure, but only on the alternate planes or edges, 
it is said to be set on altefnately, as in Fig 33. 
and 34. PI. II. ; and when the acuminating planes 
on both extremities of the fundamental figure are 
set on the same planes or edges, it is said to be 
eonformahle (rechtsinnig), as in Fig. 31. PI. II. ; 
but when the planes on opposite ends of the fi- 
gure are set on different planes or edges, it is said 
to be unconformable^ as. in Fig. 33. and 34. PL II. 
The Sfame expressions are applied to alternate 
Truncations. 

e. The angle of the acumination^ or the summit angle, 

is either obtuse or flat, as in garnet ; rectangular, 
as in zircon ; or acute, as in calcareous-spar. 

f. The magnitude; according, to which crystals are 

deeply acuminated f as in cubic crystals of fluor- 
spar^ whose angles are .acuminated, with six 
. , Q planes J 
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planes ; digtify JMmMrto^i^ as in ^opper-^riHir 

or grej copper- ore. 
g. The termAiMim^ meeording as, tfafe ammiinaUon 

ends in a pointy iditch is the usual mod^, or in m 

line or edglfe^ which b less frequent. 
In order to ^otm a more di&linct idefa of truncation, 
bevelmefat and acuminatibn, let us take a cube; prism, py- 
ramid, or any other perfect fundatnental figure repr^ent- 
ed in wood, and cut oifeach of the edges or angles at one 
stroke, so that in its stead a plane shall appear ; this will 
W Truncation. • But if the extreme planes, the edges, or 
the angles of any of these fundamental figures be cut off 
witih two converging strokes, the one from this side, the 
6ther from that, so that two planes arise, which, termi- 
nating in a line, shall present ain iedge; this will be Bevel- 
ling. And if the extreme planes or the angles be cut 
off at several strokes, all Converging together, so that 
more than two planes arise, commonly tertnfniAing in a 
pointy we shall obtain Acumination. ^ 

vr. Tki Division of the Plaika. 

Here the nuiSiter of the planes of the fundamental fi- 
^Are is nefth^r incre^ed, nor is their figure Ranged, as 
is the case with Irtl the preceding alterations, but each 
phncte is divided into a grieater or lesser ntimber of smialler 
planes tlist tt^feA td^tfaek* tnder very ohiik^ att^les. . 

The number of cdinpa^rtXnents into which a plane is 
divided, is two, three, four, and six. 

The dividing edges run eillier parallel to the diagbnal, 
Mr fiotn the centre of the f^lane of the fundamental figure 
tow'flEiHh litfe ai^l€^:6r towards the mMdBe tif the centk*al 
^ t^^nijdfil angiei^ Of ^ fim We haiTe Hk «l*aan]^e ia 
Ihis aodeeflthdtpid gtirttt&t ; tild UtiMtim^wA ih grey cop- 

> v. MldiipUed 
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T. Multiplied Alterations. 

Th^ various alterations of the fundamental figures ju9t . 
eauQierated, occur singly or several together in the saiiK; \ 
fundamental figure. In the latter case, they are placed 
either beside each other, when they are said to be co-pr- . 
dinatef or on one another, when they are said to be 8^per• 
imposed. The alterations are considered to be co ordinate, 
when they occur in different places of the same fundamen- 
tal figure; of this we have an example iq fluor-spar, 
^hen the cube is bevelled on the edges, and truncated on 
tl^e tangles. Th^y are named superimposed, when they 
occur in the same part of the fundamental figure, and 
wh^p ^(^ first alteration is iq9dified by a second, as in a 
p^isn^^hicl^ |s. bevelled on the terminal planes, and (run^t 
cated on the bevelling edges. Sometimes, as in to.'^ 
pa;, tl)^ ffp jp^pre supef imposed alterations occyr toge- 
U^er in th^ same figure. Crystallizations frequently oc- 
ci^r which {ure so modified, that they may be described in 
different ways, and referred sometimes to one, sometimes 
to imi9(her fundamental figure. This giv^s rise to two 
iBp«)e;i| q£ description, viz. the representative and the deri- 
vativf^ |f ^ crystal is described as it appears to the eye 
at fi|:%t view, without any reference to its relation 
to otl^er crystallizations of the same mineral, it is said to 
bf described representatively. But if in the description 
yg^ attend to its relations with the other crystals of t)ie 
ffiffi^ mineral, and also to its derivation from these, it; ^. 
described derivatively. Thus, }n calcareous-spa^, we^ 
IKpe^ with forms, which, if described derivatively^ would 
t» ii^^defed af verylpi^ir sifrjid^^ F^s»3, jBcujBiijateA 
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on both extxemities with three planes, the planes set on 
the alternate latera] planes ; an^l the sumpiits of the acu- 
minations so deeply truncated, that they toudi the unal- 
tered lateral planes in a line. But on a first view this 
figure presents nothing prismatic ; and if ignorant of its 
origin from the prism already mentioned, we would Ta* 
ther consider it as a flat, double, three-sided pyramid, in 
which the lateral planes of the one are set on the lateral 
planes of the other, and the summits, and the angles pi| 
the common basis deeply truncated. In the same man- 
,Der, many very broad prisms, as in rock-crystal, at 
first sight appear like tables, but must be considered 
as prisms, on. account of their derivation and other rela- 
tions. 

The derivative mode is the most interesting and use- 
ful, and is that which ought to be followed whenever it 
is possible. 

In those cases, however, where the choice of the fun- 
damental figure is optional, and when it is not determined 
by tracing it froni other crystallisations, we give the pre- 
ference to that figure which enables us to describe the 
crystal with the greatest facility and accuracy, and in 
the shortest manner. It is sometimes advantageous, and 
also> facilitates our conception of the crystal, when we 
unite together in Our description both the modes, .'using 
the derivaiive as the principal one. Thus many varie- 
ties of the cube and the rhomboid are more clearly ex- 
pressed, when we describe them as double three-sided' 
pyramids, in which the lateral planes of s the one are set 
oh' the lateral edges of the other. 

The different niodes of describing crystals, depend on 
the transitions that so often occur between them, by which 
one figure, owing to a succession of modifications, gra- 

duaUy 
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diiaUy parses into the other. Thus the cube, , by the 
truncation of its angles, passes into the perfect octahe- 
dron. At first, the truncating planes on the angles of the 
cube are small, but i>ecome gradually larger and larger 
until they touch each other, when the crystal exhibits a 
form intermediate between that of the cube and the oc- 
tahedron. If the truncating planes stUl increase in size, 
tjiey become, larger than those of the cube, and are now 
the principal planes of the figure, while those of the cube 
are alterating planes, and the whole represents an octa- 
hedron truncated on the angles. If the original planes of 
the cube, which now form truncating planes in the 
angles of the octahedron, become smaller and smaller, 
and at length entirely disappear, the perfect octahedron . 
is produced. 

The modifications that give rise to these transitions are 
the following. 

1. Alterations taking place in the proportional magnitude of 

the planes between themselves. 
Some planes increase ii^ size, while others diminish, 
and thus one figure is changed into another. When 
the alternate lateral pl»nes of the octahedron become 
larger, while the others diminish, a tetrahedron is 
formed, or the octahedron passes into the tetrahe- 
dron. 

2. Alterations in the angles under which the planes meet. 

Thus the common dodecahedron, by the increasing ^ 
obtuseness of its angles, at length passes into the 
cube. 
^. The convexity of the faces of the crystals, which is 
sometimes occasioned by the division of the planes. 

4. By 



4b By the, vkwer' bt ^ItefHiing phmeg' becoming gradudjly 
larger.^ the eJtpence of the original plane^^ which ar€ 
eit. leHgtk t^Ally obliterated. 

Theb€i«haiig6s are produced either by truncatioB, be- . 

Veltiteirf or acumination : the transition of the cube- 

intone octahedron, is an example of the first: the 

tiMittsltion of the octahedron into the icosahedron, 

> \ff ihe bevelment of the angles of the octahedron, 

' of the second ; and the third is exemplified by the 

transition qf the tetrahedron into the rhomboidal 

or garnet-dodecahedron, by the acumination of 

« «ach of the angles of the tetrahedron by three 

• > planes. 

Bi'^Rj^iki aggregation ofcryttals. Thus six-sided tableg' 
heaped on one another form six-sided prisms. 

All the crystals that lie between two principal crystals,' 
and form the transition of the one into the other, con- 
atttute what is called a transition-suite. These vary in 
extent, and sometimes they form circles, so that the last 
member of the suite passes into the first, or they form 
a'^tlralght line, and diverge into numerous branches. 

Those mineral species that occur crystallised, are gene- 
rally' char^terised by a particular suite of crystals, 
which does no^ occur in the other species. There are, 
}ibwi$v6r, mineral species very different fVom each other 
ill' their external characters, in which we meet with the 
sK^e suite of crystals ; and still more frequently do we 
meet with species that exhibit not the whole suite of cry- 
stals of another species, but a greater or smaller portiov 
of it. * Thus there is an extensive suite of crystals Vhich 
^iitbnAs from the icosahedron, through the dodecahedron, 

th« 
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of which we sometimes meet with in ihineral* species, 
but never the whole, only a larger or smaller portion 
*ofit 

That member of the suite of crystals of a mineral spe- 
cies, from which all the others originate or proceed, is 
named tbe Fundamental Crystallisation, In thosA suites 
of crystals which form circles, it is often optional which 
of the figures we assume as the fundamental one ; and in 
those which are disposed in lines, it is soMetimes of 
little importance at which end we begin our description. 
Still we always select that crystallisation which occurs 
Aie'mbst frcfq^ently, and the most distinct in the Species, 
^d derire all thfe oth^t^s ftom it. 

In mineral spetiies the crystals nevtr appear isolated, 
bul form a 'kind of progression, and pass gfiadually into 
each other. It follows from this importiilV and highly 
faiteresting fact, that when a few crystals bt' rf* species 
are known, probably all the intermediate ^members of 
the series, which can be easily pointed out by crystallo- 
graphy, and which have not been found, may be expected 
to exist in nature, because the cause which |(roduced the 
one part of the series may also hav« formed the others. 

e. Th€ Magniiuit vf Crystala. 

This character is useful, not only in the descriptjon of 
Varieties, but also in that of species, because.in each mi- 
neral species the crystals appear to hav« a deterniinate 
range of magnitude. We have here to attendf'to the 
ah8obU€ magnitude^ and alsQ to the relative nu^itude of ^ 
crystals. 

C^stali 
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Crystals in regard to their Absolute Magnitude^ are di- 
vided into 
a. Uncommonly large, when the crystal is two feet 
and upwards in length. The expression inti- 
mates that it is rare. Example, Rock crjs- 
. taL 
ji. Very large, from two feet to six inches in length. 
Examples, Rock-crystal, quartz, beryl,. calca- 
reous- spar, and felspar, 
y. Large, from six inches to two inqhes in length. 
It is a very frequent size. Examples, Lead,- 
glance, garnet, rock-crystal, &c. 
^. Middle- sized, fr,om two inches to half an inch. 
Examples of this magnitude are common, we 
shall only mention galena or lead- glance, iron- 
pyrites, fluor-spar, calcareous-spar, and gar- 
net, 
f . Small, from half an inch to the eighth of an inch. 
Examples, Fluor-spar, calcareous-spar, &c. 
. ^. Very small, from the eighth of an inch in length, 
until it is so minute as scarcely to be visible to 
the naked eye. Examples, Native silver, grey 
copper-ore, spinel, &c. 
«. Microscopic. When crystallised, but the form 
no longer distinguishable by the naked eye. 
Examples, Gold, galena or lead-glance^, &c. 
In determining the Relative Magnitude of crystals, we 
use the following terms. 
«. In the prism. 
aa. For the length. 
Short or low. 
Long or high. 

bb. For 
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bb. For the breadth and thickness. 

Broad^ when tl^e breadth is greater than tht 

thkkness. 
Acicidar or neeMe-shapedf when the prisma 
are so thin, that the planet are seen with 
difficulty. 
Capillary, when the planes of the cvjUaU 
are no longer visible., • , 
fi. In the pyramid. 
aa. For the length. ' 

Short or low. 
Long or high, 
bb^ For breadth and thickness. 
Broad. 

Lance-shaped, allied to acicular. ^ 

y. In the table. 
aa. For the length and breadth. 

Lorigish, when one dimension of the lateral 
planes is greater than the others. 
bb. For the thickness. 
Thick and Jhin. 
i. Crystals in which all the dimensions are nearly 
alike, are named tessular. 



R D. Tht 
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^ WcRNKR undexvtmncb by Madkmenij the conBection of 
Bingle oyttals with niassire miiierak» aod the aggregft- 
lion of crystals together. According to the tabular view, 
the first distinctioii is info 

4i. Solitary f and thia i^ain into loose, imbedded^ and 
$uperimpo9ed. 

«. Loose, Crystals are uAd to be loose, when they 
are not coiUnected with any other mineral. 

0. Imbeddd. Crystals are said to be imbedded^ 
when they are completely inclosed' in an6thei' 
mineral. They are crystallised on all sades^ 
or are said to be all around crystallised, and 
must therefore have been formed at the same 
lime with the mineral in which they are im- 
bedded. We canhiot conceive them to have 
been of anterior origin to the basis in which 
they are contained ;. for, on this supposition, 
we must eonceive them to* have remained sus- 
pended in space until the basis was formed 
around them^ Nor^ can we admit them to be 
of posterior opgin, because the crystals have 
impressed their form on the basis, and por- 
tions of the basis are sometimes contained in 
the crystals,^ and the crystals at their lines of 
junction, are occasionally intermixed with the 
basis. Examples of this we have in garnets, 
imbedded in seqpentine, or garnets in mica- 
slate. 

r* Superimposed. When crystals rest upon the sur- 
face of another mineral^ and are firmly attached 
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to it, diej are, said to be sdperiniposed. No re* 
guUur planes odcup it their point of attachment, 
on the contrary, thejr take the impression of the 
kind of surface on which they rest. Hence it 
wottkl appqur, that probably they are often of 
posterior origin to the basis on which they 
- rest*- '•-....• 

The second distinction is into 

S* ^^gr^gftUd, . Here there are two distinctions. 
a. Whe^e a detertn^inate mimbeir of crystah grow to^ 
gether in a determin^U manner^ and these differ, 

' .1. With respect to number. 

i. Pair'Wiae (twin crystals). 

ii. Three together (triple crystals). 

iii. Four together (quatdruple crystals). 

2. With regard to the manner of their intersection. 

i. Penetrating one another. 

ii; Intersecting one another^ 

iii; Adhering to one another. 

STwin erysiaU are formed by two crystals pe* 
netrating,' intersecting, or adhering to one 
another. Of tlfe first we have an example 
•.in felspar, where they penetrate one another 
in the direction of their thickness ; in gyp- 
sum, where they penetrate one another in 
the direction of their breadth ; and in calca- 
r^ous-spar, where they penetrate one an- 
other in the direction of their length. Of 
the second we have an example in cross-stone, 

where 



132 EXTERNAL CHARACXEES. 

where the crystals iniersedfe^each other, and 
. form a kind of cross, and have a common 
axis ; and of the third in spin^), where the 
crystals adhere only by some .of .their planes. 
Tripk crystaU^ occur in spinel smd calcareous- 
spar. 
Quadruple crystals occur rarely, as in tin- 
stone, 
i. Where there are many crystals together^ but merely 
simply aggregated; and these, are either, 1. On 
one another ; 2. iStde by nde, or adhering late- 
rally to one another ; and, S. Promiscuous, 

The^rst occurs principally in tessutar crystals, as 
in galena or lead*glance, and calcareous-spar. 
The second dccurs in amethyst, where the py- 
ramids or prisms are parallel among themselves. 

• The third occurs principally (in long and broad 
figures, as) in tables and prisms. We have ex- 
amples of it in grey ore of antimony, where 
very long and nearly needle-shaped crystals 
cross one another in different directions ; also 
in tabular crystals, and tjiis kind of tabular 
aggregation has much resemblance to the cel- 
lular external shape. 

t. Where there are many crystals together j but doubly 
aggregated. 

This kind of aggregation is distinguished from the 

foregoing by its forming groupes that exhibit 

shapes resembling bodies in common life. 

i. Scopiform or fascicular. Is composed of a 

number of thin prismatic crystals, diverging 

from their point of attachment, and thus 

^ forming 
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' forming a kind of fasciculus or bundle. Ex- 
amples, Calcareous-dpar and zeolite. 

ii. Manipular or shtafMkt. Consists of a num- 
ber of crystals that diverge towards both 
' ends, and are narrower in the middle, thus 
resembling a sheaf. It occurs in prismatic 
and tabular crystals. Examples, Zeolite, 
calcareous-spar> and prehnite. 

iii. Columnar. Consists of very long needle- 
shaped prisms, many of which are connect- 
ed together in the direction of their length ; 
and these columnar groups sometimes cross 
one another in different directions. Ex- 
ample, Columnar heavy-spar, and white lead- 
ore. 

iv. I^amidalf is composed of many long pris-i 
matic crystals that ate parallel to one an- 
other, but of which those in the middle are 
the highest, and * the others decline on all 
sides, from the central one. Example, Cal- 
careous-spar. 

V. Bud-like, is composed of lo#, (generally) six- 
sided' pyramids, one of which is usually si- 
tuated in the middle, and is surrounded by 
a number of others, whose extremities are 
directed towards one another. Here also 
many groupes occur together. Example, 
Quartz. 

vi. Amygdaloidaij is formed by tables disposed 
around each other, in such a manner as to 
form an amygdaloidal shape. Example, 

Straight lamellar heavy-spar. 

•• 

VIL 
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• ' yix. AoseMke^ is composed of very thin sixi^sided 
tables, which are repeatedly curyed, and so 
connected together that it resembles a blown 
roiie. It occurs in the variety of calcareous- 
spar called roat^par from Joachim[sthal. 

viii«. Globular* Is compost of taibles or cubes 
aggfegated into a globular dhape. Exam- 
ples, iroiK-pyrites^.and -curved' lamellar hea* 
'vy-q)ar. 

ix. In rows. Wh«n many crystals are superim- 
posed on each other, in a. straight direction, 
like the peark in a necklace, they are said 
to be aggregated in rows. The flat three- 
sided pyramids of caldareoruS'^par, and the 
octahedrons of sUver-glance or sulphureted 
silver one, afford examples of this kind of 
aggregation. 

jt. Scalarwtse^ in which many tessular crystals 
are arrange like steps of a stair. Example, 
Cub^ of corneous silver-ore. 



..Hai?t^s Cmstallograpjejy. 

Having given a short' view of the Werneriau Crystallo- 
graphy |n the preceding pages, we shall now add an 
exposition pf the method .followed by Hauy in determi- 
ning and describing the various regular forms that occur 
in the niineral kingdom. 



We 



hauy's crystallography. l$5 

We shaSU consider it in the following order* 

1. Of the primitive forms. 

2. Of the integrant molecules. 

3. Of the laws of decrement. 

a. Decrements on the edges. ' 

b. Decren^ettts on the -angles. 

c. Mixed decrements. 

d. Intermediate decrements. » 

e. Compound secondary forms. 

f. Of secondary forms, when the molecnler dif- 

fer from parallelopipeds. 

4. Difference between structure and decrement. 

6, Of those crystals in which the half is turned round, 

and of others that intersect each other. 
6^ Of the symbols used to denote the partictilar laws 
of decrement which produce the secondary 
forms. 

7. La$ilyt Of the nomenclature of crystals. - 



1. Of the Primitive Forms. 

Crystals in which there are several cleavages,^ can, in 
general be split in the direction of these cleavages. The 
fracture-surfaces or planes thug exposed, are either paral- 
lel with all the planes of the crystal, or th^ are not. 
When parallel with the planes, the crystal retains its' 
form, however much we split it in the direction of its 
planes ; it only chang^ in magnitude, becomisg smdObr 
and smaller as we continue the splitting. On the. con- 
trary, when the cleavages lire not parallel with any of 
the planes of the crystal, or bat with few of them, 
and when we contiBoe the divbion until they meet 

together,. 
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together, we obtain a regular figure, whose contour is Ve« 
rj different from that which the crystal first exhibited, 
. and which may now be further subdivided in the direc- 
tion of its planes, without undergoing any further change 
of form. This new regular form b by Hauy named the 
Primitive nucleus ; and the crystal whose form is the same 
the Primitive form. 

Thus, if we split a cube of galena or lead glance in the 
direction of its cleavages, all the divisions will be pa- 
rallel with the faces of the cube, and by continued 
splitting in the same direction, the figure remains un- 
changed, but the size gradually diminishes. On the 
contrary, if we begin to split a cube of fluorspar in the 
direction, of its cleavages, it first loses its eight angles, 
and we observe in their stead eight new shining triangu- 
lar planes. By continuing the splitting, these new planes 
become larger and larger, and the form of the crystal is 
more and more changed; at length,, the six four<-slded 
faces' of the cube disappear, and the eight triangular 
planes meet, and form a regular octahedron. If the split* 
ting is still continued, the octahedron diminishes in magni- 
iu4«» but does not change in form. The figure ABCD£FG 
Fig. 80. PI. VII. represents a cube of fluor-spar. If we 
attffmpt to split it by sections parallel to its planes or 
faces, we .will obtain an irregular, not a foliated sur&ce.; 
but if a section is made in the direction of the line g/, pa- 
rallel to the diagonal line A C^ upon one of its. faces B D, 
and at an angle of about 54^*, it will split, readily, and 
the. solid angle A g A/ will be detached, and. the new fac^ 
gfh will be. an equilateral triangle. Fig. 81. PI. VI L 
shews the position of the deavages on the eight angles <^ 
the cube, which. are niarked with the letters abed efg h. 
If we continue to split the cube in the directions of these 

cleavages. 
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deaVages, wi^wiH first obtain equilateral triangular faees ; 
and when the sections intersect each: other, the equilate- 
sal triangular faces will disappear, md become bexagonsi 
Whea the original .faees of :the cube entirety disappear; 
an octahedron, with triangular faces, will make its ap^ 
peanwce, which is represented in Fig. 82. PI VII. as the 
nucleus contained in the cube. According to Haut, Ui€ 
octahedron is the primitive form, and the cube a se* 
condary forni, of fluor-spar; whereas the cube of galena 
agrees ^kh the primitive form, and also with the primi*^ 
tive nudeus of that mineral. .• 

If we take a regular six-sided prism of calcareous-sj^ri 
Fl: III. Fig. 1. and attempt to divide it parallel to th6 
edge of the^ base, we will find three of these edg^ 
taken alternately in the upper base; for exafnple, 'th^ 
edge^ iff edf i^a, will admit- of this division, while th^ 
other three of tliem will not. To succeed in the \owet 
base, we must not make choice of the edges /'/^, cd^i 
b*m'9 which correspond with the upper edges; but the 
alternate edges d'f, AV, /' «', Fig. 2. PI. III. These six 
cuts. will expose to view as many trapeaiums. Three of 
these are represented in Fig. 2. PI. III. ; namely, the two 
which come in the place of the edges //, c d, and whicb 
are marked by the dotted lines ;}j>oo, a a <:&, and th$t 
which comes in place of the lower edge d'f^ and which is 
marked by the dotted lines nnii. Each of these tra- 
peziums will have a polish and lustre, from which it will 
be easy to perceive that they coincide with the natural 
joints or cleavage of the prism. We will attempt i» 
vain to divide the prism in any other direction ; but 
if we continue the division parallel, to the first cuts^ 
it is obvious that the size of the bases will gradual- 
ly diminish, while the prism itself will continue to grow 
ahortei*. Just when the bases disappear altogether, the 

S * prism 



prism wiU be converted into a dodeeahedion, Fig* S 
PL III. with penta^MMl hen ; u af wUdi, as ooi O^t 
#IiSrtt; are the remains of the faces of the piDsm, and 
Ithe six others £AIoe» QA^st, are the resuk of the aoo- 
ehanical division* . . 3 ; 

If we conthiue the splittings the .laeas at the ends wil^ 
preserve their 6giire a»d si«e» whOe the latent &ces wiU 
contmHall; diBainish in length, till at kst the points Oyk 
of the pentagon o I kit, bemg confowided with the pointa 
tf, and the saine tiling happmiq; with all the other, 
points similarlj situated, eadi pentagon is conirerted into 
n simfde triangle as we see in Fig. 4. PL III. New 
alices taken ofi^ make the triangles dUsafyiear, jo that 
no vestige of the original prism remains. Thus we ob^ 
tain the prismatic nucleus, or what on a general vie# 
amy be called the Primitive Form, <Fig:& PL II t> 
which consists of an obtuse rhomboid \ the inclination 
of whose planes ia 105'' S', and 75'' 5B\ and the plant 
angles EAI and AIO ler aS" 13^#nd 78''8. 

In some mbieissls, however^ as. in those witha GOQceal** 
ed filiated fraetare, in quarts, lor example, we can sel- 
dom divjdib the crystal in the direction of the cleavage 
ilntilit is Heated red-hot,' and thrown into cold water; 
bj this pro<:a». rents take place in the directiotis of the 
eleilvage^ and enable tis to split it regularly. 

In other minerals, where this practice is inappli- 
cable, we judge of the eleavage by the reflection of light 
sometimes olMewable in their interior, when they are 
turned in difierent directions before a strong light. 

Lastly, 



" By a rkombaH Hmoy mmoB i 4gnM rouadfid hj lis equal rihoBOMitir 
fastOkl tiro and two. 
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t^asilj, in those cases where no cleavage is discoverable, 
Hauv determines its position, and the figure of the pri- 
mitive nucleus, and primitive form, by conjecture from 
Che appearances presented by the forms of the secondary 
crystals. 

Howiever varied the crysUUizationd of a mineral spe- 
cies may be, all of them, according to Haut, have the 
same primitive form, and the planes of this form are al- 
ways, pariilld, either with actually existing cleavages, or 
with the conjectural cleavages of which we consider it 
tiQ be cohipdsed. Oli the contrary, in different mineral 
species, the primitive form may vary more or less. But 
all these different forms can be reduced to some one of 
the six following : 

1. The parallelopiped. Fig. 8. PL III. 

2. The octahedron. Fig. 9. PI. III. 

3. 'the tetrahedron^ J^ig. 10. PL III. 

4. The regular siiK^sidtd prism. Fig. 11. H. III. 

5. The dodecahedron with rfaomboidal faces, equal 

and Bitnllar. Fig. 12. PL III. 

6. The triangular dodecahedron with triangular faces, 

cdhsisting of two six-sided pyramids, in which the 
UietA planes of tiie one are set on the lateral 
planes of the other. It is also named bi-pyrami- 
' dal dodecahedron. Fig. 13. PL III. 

I. ParalUUpiptd. 

This is a solid figure, bounded by six faces, parallel to 

each other, two and two. Thutf, for example, a cube is a 

parallelopiped. It is evident, from this definition, that . 

^ibere may be a vast number of parallelopipeds, differing 

*" . from 
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from each other in the proportional length and breadA 
of their faces, atid in the angles which these faces ra^kf 
•with one another. About forty parallelppipeds have, been 
•hitherto observed in the mineral kingdom* Thej niaj 
be divided into nine different kinds. 

1. Cube, is a well known rectangular figure, bounded 
bjr six sqiiare faces, sH equal to each other. 
Vig. 14. PL ill. Examples, Common ^It, ga- 
lena or lead-glance, common iron-pjrites^ native 
gold, silver, and copper. 
'8. Right quadrangiJar prism witk square iHtse, Fig. 15. 
PI. III. It is a cube somewhat longer in one 
direction than in another ; of course the only way 
* in which it can vary, is in the i!^lative lengths. Of 
two contiguous faces, the base, and one of the fa- 
ces of the prism, for, all the faces of the prism 
are, of necessity, equal and simile:, being all 
rectangles. There are seven species. which, have 
. this primitive form. In four of them the prism 
is shorter than the square b^e;, whtk in three it 
is longer. Meionite, Wamerite^ Epsom saH, and 
zeolite, have the prism porter than the base ; 
while in Vesuvlan, red lead-ore, af^ .titanite, it 
is longer. 
9. Sight quadrdngukir prisma but in wb^h the base, 
instead of a square, is a rectangle ; of course it 
admits of greater variation than the preceding, 
as both the liength of the base, and of the prism, 
may vary. Fjg. 16. PL III. Examples, Eu- 

clase and prehnite. 

I ■;■.• r • ^ 

4. Ri^t 
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4. Right quadrangular pmm, in which the base is a 

rhombf Fig. 17. PI. III. Examples, Celestine 
and mica. 

5. Right quadrangular prism^ in which the base is an . 

oblique-angled parallelogram^Tig. 18. PI. III. Ex* 
aihpled) E}iidote or pistacite, and axxnite. 

6. Oblique-angled quadrangular prism, the base of which 

is a rhomb. Fig. 19. PI. III. Hornblende and 
angite are species ^which have this kind of pri- 
mitive form. 

7. Oblique-angled quadrangular prism, the base of which 

is an oblique-angled parallelogram, Fig. 20. 
PL III. Felspar is an example of a mineral 
with this kind of primitive form. 
^. Oblique-angled quadrangular prism, the base of which 
is a rectangle. Fig. 81. PI. III. Example, Borate 
of soda or borax. 
9. Rhomboid with obtuse summits. Fig. 22. PI. III. 
In rhomboids of tbis kind there are two solid 
angles opposite each other, which differ from the 
other six. They are composed each of three ob- 
tuse plane angles, meeting 'together in a point ; 
whereas the six others are formed of two acute 
and one obtuse angle. The line joining these 
obtuse solid angles is called the axis of the crys- 
taly and the angles themselves constitute the 
summits of the crystal. The axis is the shortest 
line joining any two opposite angles in the re- 
fspedive rhomboids. Elxamples, CalcareoVis^spar, 
chabasite and quartz. 
,|0. Rhomboid with acute summits. Fig. 23. PL III. 
7wo of the eight solid aa^^les of this figure dif- 
./ ' "'"' " ' ^ ■ * ■ ■ fer 
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fer from the other six. They are formed by the 
inclination of three acute plain angles to each 
other, whereas the other six are composed of 
two obtuse and one acute plain angle. The 
line joining these two acute and opposite solid 
angles, is called the axis of the crystal, and the 
-angles themselrea are called the aummiis. The 
axis is the longest line joining any two opposite 
angles of the crystal. Examples, Corundum, 
iron-glance, and vitriol of iron* 

II. Octahedron. 
This may be defined a double four*sided pyramid, in 
which the lateral planes of !the one are set on the lateral 
planes of the other. There are four differeht kinds of 
Ihfa form, viz. 

1. Regular octahedron. Fig. 24. PI. IV. In this fi- 

gure the triangular faces are equilateral and 
equiangular, and, of course, the base of the two 
pyramids is a square. Examples, Diamond, spi- 
nel, fluor-spar, and tnagnetic ironstone. 

2. Octahedron, in which the pyramids hiSkve rectangu^ 

htr bases, Fig. 26; PI. IV. Each triangular face, 
of course, is isosceles, the two angled at the base 
being equal, and the angle at 'th<; summit differ- 
ent. It may be either acute| rectangular, or ob- 
tuse, according to the length of the rectangular 
base of the pyramids. The faces are equal and 
similar, four and four. Examples, White lead- 
ore, and sulphat of lead or lead vitriol. 
S. Octahedron, in which the pyramids have a square 
base, Fig, 86. PI. IV. The pyramids^ in gene- 
ral. 
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ral, are very low, when compared with the si^e 
of the base, though this is not always the case.. 
In anatase, for example, they are long, and of 
course the solid angle at their summit is compor 
. sed of very acute plane angles meeting at a point. 
Examples, Zircon, tinstone, and cross-stone. 
4. Octahedron^ in which the pyramids have a rhmnitn* 
dal baiCf Fig. 27. PI. IV. They vary from each 
other in the height of the pyramids, and the 
angles of the rhomb, constituting the common 
base of the pyramids. Examples^ Sulphur and 
sphene. ^ 

III. Regular Tetrahedrtntf 

Is a figure bounded by four equilateral and equiangu-t 
Jar triangles ; or it may be described as a three-sided py-t 
ramid, terminated by a triangular blue, Fig. 88, PI. IV, 
Examples, Grey copper, and copper-pyrites^ or ydlow 
copper- ore. 

IV. Regular Six-sided Prism^ 

ts a prism composed of six equal rectangles, and ter- 
minated at each extremity by a hexagonal plane or base, 
Fig. 39. PL IV. They differ from each other in Qxt 
height of the prism compared with the diameter of the 
base. Examples, Emerald, apatite, and atrontianite. 

V. Rhmhmdal Dodecahtdnm^ 

Is a soKd bounded by twelve equal rhomba, Fig; 30, 
PI. IV, Example, Garnet. 

VI. 
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kedron is formed from the cube. Sqinctiines tUej Ukt 
Ipkoe only on certain edge», or, cerUui angles. Some^ 
times they are unironi^ bo that only one laff exists of 
decremeiitf, by one, two, three^ &c. ranges, which acts up* 
pn dlfib-ent fedged. angles. Somettmes the law varies 
from one edge to another, or from one angle to another ; 
and this happens chiefly when the nucleus has not what is 
^lled a ^fmmdrical /orm, 99 when it is a parallelopi|)ed, 
"whose faces differ in the respectiye inclinations of their 
faces^ or in the measure of their anglet. In certain cases, 
4he dectijsments on the edges poncur with those in the 
angles to |iroduce the same crystdfine form. It happens 
fikewise^ sometimes, that the sama edge, or the same 
4Uigle^ nndergoes i|iilbrent.lfiws of decremfot, which suc- 
ceed each other. And, finally, there are a great many 
-cases^ where the secondary crystal preserves faces paral- 
M to those «f the priariitive form, ' ati which coixibiBe 
Ifith the faces prodijced by the decrement^ to modify the 
figure of the crystal. If, in the mi(fit of such a dirersity 
of laws, sometimes acting soUtarily, and sometimes in 
combination, upon the same primitire form, the number 
0f ranges subtracted were likevrlse very variable ; if, .for - 
sample, th«re wei*e deerements of 90^ 30, 40, or a greater 
number <{f ranges of molecules, a^ U, very possible in con- 
ceptjon ; the muliitnd^ of fqrms which might exist in 
ii$^k mineral species,: would be sufficient to confound the 
imagination ^ and the study of crystallography would 
present ^n immense labyrinth, from which, even when 
assisted by the theory, it wpnld be difficult to extricate 
one-s sielf. 

But the force which produces the subtrad^ons, appears 
to have a yery limited action. Generally these subtrac- 
tions take j^lace only by erne or twDXows of molef^ks. 

None 
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■ \ 
Jjon^ have hitherto been obsetved beyond six rows. But 
such U the fe'ciliiditjr united with this simplicity, that^ 
i^upposing we confine ourselves to decrements by onei 
twQ9 tbree^ and fi>ur rdws^ and exclude tho^ that ^re 
mixed or interoaediate, w^ find that ih? rhomboid is 
su9ceptB>l0 of 8f3S8;6Q4 varieties of crystallisation. 
DoubUesa maeiy of tfaes^ varieties do not exie^t in nature. 
Bat (here it reason 46 expect^ that discoveries in the field 
of Inquiry will bc( made int igr^^t numbei'9 for a Ion j; tiov^. 
to comiS. ' 

We have idrea^y remarked, that besides the parallelo- 
piped, there arc two other shapes whieb the integfant 
niol«cidl«$ assume ; namaly^ the tetrahedron, and the tri* 
angular prism. 

It is worthy df htkicii that the teirahedral and pri»« 
malic molecules are always arranged in such a manner in 
the interior of prrifhitive and secondary crystals, that, ta* - 
king them iii groups of ^, 4, 6, or 8, they compose pa- 
ralleloplpeds ; so that the ranges sfubtracted by the effect 
of decrement, are nothing else than these parallelopipeds. 
These parallelopipeds are by Havy named Subtraettvc 
Molecules, They are always substituted in place of te-> 
trahedroBs or triangular prisms, in considering the de^ 
crements which produce the secondary forms in tbesei 
oaaes* 

S. Of the Laioi of Decrement 

In order to. enable the reader to understand easily 
these varbus decr^ipents, we shall give the following il- 
lustrations from Havy. 



14$ EXTERNAL CHARACTERS. 



1. Decrements on the Edges. 

Let U8 suppose that the primitive form of a mineral 
, species is the cube ; but that secondary crystals of the 
same species likewise occur, having the form of the 
rhomboidal dodecahedron. How is this dodecahedron 
derived from the cube? Let us suppose, as may be 
done in every case, that the integrant molecute oi this 
species is a cube ; it follows that the primitive cubic crys- 
tal is formed by the congeries of a number of cubes. 
Suppose these cubes of such a size that an edge of the 
primitive crystal is composed of seventeen of these small 
cubes applied side by side. Of course every tace of the 
primitive crystal will be composed of 289 squares, con- 
sisting of the bases of so many integrant molecules. Ac- 
cording to this supposition, the primitive crystal will be 
a congeries of 4913 little cubes. Let us now suppose, 
that a square, consisting of the thickness of one integrant 
molecule, be applied to every face of the primitive crys- 
tal -, but that, instead of being of the si^e of the face of 
that crystal, it be less than it by a single rqw of inte- 
grant molecules all round, so that its side, instead of 17 
little cubes, contains only 15; and of course it contains 
only 22S little cubes, instead of the 269 that go to the for- 
mation of the face of Ithe primitive crystal. Upon each 
of these first plates applied all round to every face, let an- 
other plate be applied similar to the first, but less than it» 
by a row of integrant molecules, so that the side contains 
only 13 squares, and the whole plate only 169 squares. 
Let six other plates be applied in succession to each of 
the faces, diminishing by a row of little cubes all round, 
so that the sides of each consist of 11, 9, 7, 5, 3, 1, 
squares, respectively. It is obvious, thitt, by this pro- 
cess. 



^ 
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cess, we h^ve raised upon each of the six faces of tiic 
cube a four-sided pyramid, the faces of which, instead 
of being smooth, will, hj their constant diminution in 
bulk, represent the steps of stairs. These pyramids 
having each fpur faces, constitute small 24 triangu- 
lar faces; so that, by this process, we have converted 
the cube into a new crystal. It would seem, at first^ 
that thi$ new crystal ought to have 24 triangular faces ; 
but a little consideration will satisfy us, that the two 
adjaeei^ triangular faces, in each pyramid, are in thc^ 
same plane^ and form together a rhomb; so that, in 
fact, the cube has been converted intoa rhomboidaldode^* 
cahedron. Fig 37, PL IV. represents the cubic nucleus, 
with' the pyramids raised .upon three of its faces; and 
Fig. 3S. PL IV. represents the rfaomboidal dodecahedron 
formed in this mannner. This is an example of a se^ 
condary crystal formed by decrements on the edges of the 
plates. Suppose us in possession of such a, crystal, it is 
easy to see how, by mechanical division, the cubic nu* 
cleus might be extracted. We would have only to cut 
off all the solid angles formed by four plain angles, by 
slices parallel tp th^ shorter diagonals £0, 01 of the 
rhombs. 

In the preceding example, each plate was only of the 
thickness of one integrant molecule, and the decrement 
was only ohe row of integrant molecules all round ; but 
we might have supposed the thickness of the plates Iq 
have equalled two or more integrant molecules, and tht; 
decrements might have been equal to two rows of inte- 
grant molecules, or morcj at once. In that case, the 
form of the secondary crystal obtained would have been 
difTei^ent from t^e rhomboidal dodecahedron. 

It 
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It will be necessary here to explain the meaniiig of two 
teims, which we will have occasion to empldy frequently 
hereafter. Decrement in breadth is used when the thick- 
ness or height of the plate is only equal to one integrant 
molecule ; but one, two, three, &c. rows of molecules all 
round, we conceive to be abstracted from the breadth o( 
each succeeding plate. Decrtment in hei^tiB used when 
the plates only diminish by one row of integrant mole- 
cules in breadth, but their height may be equal to two^ 
three, &c. molecules. In such cases, the Recrement is ex- 
pressed by saying, that it takes place by two, threct &c. 
rows in height. 

It will be worth while to give another exatnple of a se- 
condary crystal formed by decrements on the edges of the 
faces. The primitive form of iron-pyrites is a cube ; 
but, among a great variety of secondary crystals, there' 
is one which occurs in the form of a dodecahedron 
with pentagonal faces. This crystal is represented in 
Fig. 39. PL IV. where the cuMe nucleus may like* 
wise be seen. From the inspection of that figure, 
it will be obvious, that, insteaid of a fourniided py- 
ramid, as in the former case, a kind of wedge is form- 
ed upon each face of the cubic nucleiis<» which may 
be conceived to be the pyramid elongated in one direc- 
tion. This wedge upon one of the faces of the cube, is 
represented by OC t n IP. In this case, the decrements 
may be conceived to take place by two ranges in breadth 
between the edges 01 and AE, II' and OO', EO and 
E'O'; and in the same manner upon the opposite faces ; 
while^ at4he same time, they take place by two ranges' in 
height between the edges £0 and AI, 01 and OT, GO' 
and E£'. We see that these decrements take place upon 
the different faces of the cube in three directions, which 

cross 
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cross each other at ligbt. angles. The decrement, llj two 
ranges in breadth* tending to produce a face more incli- 
ned than that which results from a decrement by two 
ranges in height ;' the consequence must be, that the 
structure of plates ^oes not terminate in a point, as in 
the first example, but in a wedge. The lines p q^tn^ 
Fig. 39. PL IV. represent the summits of two of these 
wedges. If we compare these summits pq, tn^ with the 
summit r * of the wedge which covers the face EOO'E' 
of the cubic nucleus, it will be eaay to perceive that these 
three lines are perpendicular to each other respectirelj. 
Fig. 40. PL IV. represents the cubic nucleus with wkdgeB 
raised upon two of its contiguous faces by means of plates 
pursuing decrements according to the law above descri- 
bed. The same letters are applied to the same parts of 
the crystal in Figs. 39. and 40. PI IV. At S' is seen 
the extremity of the summit of a third wedge raised upon 
a third face of the cube^ £ach trapezium, such as O J9 9 1^^ 
Figs. 39. and 40. PL IV. beiag in the same plane with 
the triangle Oil belpngmg to the adjacent wedge, 
both together conspire to form the pentagon /? O f 1 9, so 
that the secondary crystal formed by these decrements, 
instead of 24 faces, has only 12 pentagonal faces, and is 
therefore a dodecahedron as well ^s the first example, bat 
a dodecahedron of a different kind. 

We shall give a third example of these kind of decre- 
ments, because it contains something peculiar in it, but 
which -often takes place in the formation of secondary 
crystals ; and it is requisite that the reader should be 
aware of it. The dodecahedron represented in Fig. 6. 
PL III. is a secondary crystal of calcareous-spar. In 
it the edges EO, OI, IK, &c. where the two opposite 
pyramids join, coincide witli the edges of the primitive 

nucleus. 
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nucleus, as may be perceived by inspecting Fig. 7. 
PI. III. The decrements set out from these edges, and 
do not take place at all npon the other six edges of the 
principal nucleus E A, AI, AG, 0A% &c. Now, it is 
easy to conceive, that the edges of tlie platen laid upon 
the primitive nucleus, form, by their sum, as many tri- 
angles E « O, I s' O, E s' O, &c. resting upon the edges 
from which they set out ; and as these lines are six in 
number, there will be twelve triangles, six above, and as 
many below ; and all these triangles will be scalene, in 
consequence of the obliquity of the edges from Which the 
decrements set out. ^ 

With respect to the other edges of the plates of super- 
position, they will be so far from experiencing any decre- 
ment, that they will, on the contrary, augment, because 
they must always remain contiguous to the axis of the 
crystal, just as happens when the primitive crystal in- 
creases in size by the superposition of new plates, with- 
out undergoing any change of form. It is the province 
of mathematics, combined, w^th observation, to determine 
the law of decrement upon which this dodecahedral form 
depends. If we suppose a decrement of one range, it 
maybe demonstrated that the two faces produced on each 
side of the edge from which the decrement set out, will 
be in the same plane, and parallel to the axis of the pri- 
mitive crystal, circumstances which do not suit the pre- 
sent case. If we suppose a decrement of two ranges in 
breadth, it may be demonstrated that the result will be a 
dodecahedron similar to the one which we are consi- 
dering. Fig. 41. PI. V. represents one of the pyra- 
mids of this dodecahedron formed by the superposition 
of plates following the law of decrements by two ranges 

of 
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pf particles. . Thp line E « represents an edge of thil3 py- 
ramid such as it appears to the eye, £ s such as it really 
c'xists; but the distance si^ is not sensible, in conse- 
quence of the extreme minuteness of the size of the inter- 
molecules, by the abstractibn of which the pyramids are' 
formed. The same reason prevents the channels or steps 
of stairs upon the pyramids from being sensible. Though 
' in some cases, when Secondary crystals are ^formed with 
great rapidity, these channds may be perceived by tb^ 
paked eye. 



^ 2. Decrements on the Angle^i* 

Decrements on the edges, which have been just descri- 
bed, are not sufficient to aceount for all the diversity of 
forms whi(^i secondary crystals assume. To give an ex- 
ample ; mineral species, the primitive form of whose crys-* 
tals is the cube, are found crystallised in secondary forms, 
some of which are rhomboidal dodecahedrons, and others 
regular octahedrons. The formation of the rhomboidal 
dodecahedron has been explained above, by means of de« 
craxients on the edges. At first sight, it would appear 
that the octahedron might also be derived from the cube 
by decrements on the edges. We have only to take two 
opposite faces of the cube, and to suppose a four-sided 
pyramid raised upon each by means of decrements on the 
edges of the plates successively applied. While this is 
going on upon these two faces, We may suppose that the 
other four faces of the cube remain unaltered. Each of 
these two pyramids may be supposed to prolong itself 
downwards till they meet. The consequence would be 

TJ an 
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ail octabedron enf doping the cubic nucleus ; but it rnaj 
b% demdnstratedy that no kw of decrement whatever 
'could in this case form an octahedron with eiquilateral 
triangular faces, which is the case with the octahedron 
d^ivedf from the cube. Besides, if we have recourse 
to mec^hanical division, in order to obtain the cubic nu- 
(fievi^ fi-om this kiiid of octahedron, we shall find that the 
sdlid angles of the cube coincide with the central points of 
the eight faces of the octahedron, which could not be the 
case if the octahedron had been formed irt the way we 
have been supposing. But if we suppose the decrements 
to take place parallel to the diagonal of the faces of the 
cube, all difBcult j vatiisberf ; we obtain the regular octa- 
hedron without difBculty. Such decrements are called 
iecrements on the angles. 

Let 01 I'O' Fig. 49. PI V. be one of the facies of the 
cubic nucleus, divided into a number of little squares, 
which are the bases of as many molecules. We may con- 
ceive these molecules Arranged in two different ways ; they 
pLoy be parallel to the edges, as is the case with the mo- 
lecules, tf, n, q, r, 6% t', v\ z'y $' ; or they may be arran- 
ged in the direction of the diagonals^ as is the case with 
the molecules a, 6, r, rf, e,/, g, A, i, and likewise with 
the molecules n, f, f, w, /?, o, r, «, and likewise with the 
molecules y, u, fc, m, a?, y^ z. One of these rows of niole- 
cules is represented separately in Fig. 43. PL V. 

The molecules parallel to the edges of the square touch 
by one of their faces, and the ranges themselves are sim- 
ply placed contiguous to each other. The molecules pa- 
rallel to the diagonals touch only by an angle, and the 
ranges are indented into each other. When secondary 
crystals are formed by this last kind of decrement, the 
new faces are not merely channelled, as happens in the 

case 
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«ase of decremeai$ jOq the edges ; thej are all bristled 
with points, which being exceedingly mmutet and all in 
the same plane, esipape t^e .eye, so that the f^es appear 
smooth. 

Having thus explained the meaning of the terms, let 
us illustrate this kind pf decrement by an example ; and 
we cannot get a better than ih^ formation of a regular 
octahedron from a cubic nucleus. This ia the coDse* 
quence of the superposition of plates upon leach face of 
the cube with decrements of a i^ingle range of molecules 
on the angles. Let AEOI, Fig. 44. PI. V. A, be one of the 
faces of the cubic nucleus subdivided ipto 61 little 
fiquju*es, which are the base^ of $o man^ pioleoules, of 
'which the face is conceived to be composed. Fig. 44. B, 
represents the first plate of superposition, which ought to 
be placed above AEOI, Fig. 44. A, in such a f^anner, 
that the point e' corresponds with the point ^; the point 
a' with the point a ; the point o' with the poiiit ^ ; and 
the point t' with the point t. It is obvious, frOm this 
uianuer of placing it, that the squares £ e, Aa, 1 1, O o, 
Fig. 44. A, remain uncovered ; which is the initial ef- 
fect of the decrement on the angles. We see likewise, 
that the'^ges QV, PN, LC, FG, Fig. 44. B, exceed by 
•a range of rpolecples the edges £A, E0» OI, lA^ 
Fig. 44. A. This is necessary to prevent re-entering 
angles, and is merely the consequence of the inctease o£ 
size of the crystal, withdut ^ny change of form in these 
quarters. 

The upper face of the second plate of superposition, is 
represented by BKHD, Fig. 44. C. It roust be applied 
to the first plate in such a oianner, that the pointsx e'^^ 
a", t", o'% coincide with the points e', a', i', o'. Fig. 44. 
B, which leaves barQ another row of molecules paralM 

to 
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to the diagonal. This plj^te also increases by a row or 
molecules at au its edges B» E, H, D, for the same rea- 
son as the first plate did. 

The figure of these plates of superposition, which at 
first was an octagon, has now become a square. It is no 
longer necessary to continue the addition of rows of mo- 
lecules at the edges ; so that the succeeding plates retain 
the square shape, but constantly diminish in size, in con- 
s;equence of the abstractipn of a row of molecules from 
each edge parallel to the diagonal, of the face of the cu*- 
bic nucleus. These different plates are represented by 
Fig. 44. D, E, F, G, H, and I, in each of which the small 
accented letters denote the points of the plate that coin- 
cide with the same letters in the preceding plate. Eight 
plates are necessary, as appears from the Figure, and the 
last of them consists only of a single molecule. 

If we suppose the same number of {>lates, of the same 
form, to be applied successively upon each face of the cu- 
bic nucleus, it is obvious that we raise upon each of the 
six faces of the cube a four-sided pyramid. Hence it 
would appear, at first sight, that the secpiidary crystcd 
would have 24 faces. Each of these faces will have four 
edges, as must appear evident upon a little consideration, 
and will have the' form represented in Fig 46. PI. V. iii 
which the angle o is conceived to coincide with the angle 
'0 of the cubic nucleus, and the diagonal t x represents 
the edge HK Fig. 44. C of the plate BKHD. The tri- 
angle tox^ being composed of those plates of superposi- 
tion the edges of which undergo an increment, will be 
much shorter than the triangle tax formed of those plates 
of superposition whose edges undergo no increment ; b^-. 
cause the number of the first is much smaller than that 
pf the second, they being to each other as 2 to G. 

Thus 
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Thus the surface of the secondary crystal is composed 
of 24 quadrilateral faces, arranged, three and three, 
round each angle of the cubic nucleus. But as in the 
decrements, by one range of molecules on the edges, the 
faces produced on both.sides of thie same edges are in the 
same planer so in decrements by one range of molecules 
on the angles, the faces formed on the three sides of each, 
angle are in the same plane. This plane is represent* 
ed in Fig. 46. PI. V. where the three quadrilaleltt^ sur- 
rounding the angle of the cube o, coincide tp fom the 
equilateral triangle mns. Thus the faces of the second- 
ary crystal are reduced to eight equilateral triangles, and 
of course the figure is that of the regular octahedron. 

If these decrements werfe to stop before they termina- 
ted in a point, the consequence would be, that faces 
would remain parallel to the original faces of the cube, . 
and that the crystal would have fourteen faces, eight 
those of the octahedron, and six tho^e of the cube ; sp 
that it would at once have the form of the cube and of 
. the octahedron. Nothing is more e^mmPn than to find 
such crystals both in iron-pyrites and in galena or lead- 
glance. 

If the decrements were more rapid, as/ for example, if 
two or more ranges of molecules were abstracted, then 
the three trapezoids stox, mtor, nrojc, (Fig. 46.) 
fotmed round the same solid angle of the nucleus, would . 
not be in the same plane, but would be inclined upon 
each other, and the secondary crystal would have 24 tra- 
pezoidal faces. 

As another example t)f this kind of decrement, let us 
take the rhomboid, Fig. 47. PI. V. which diifFers somewhat 
from a cube by having acute angles. Let us suppose that 
the plates applied upon all the faces of this rhomboid suffer 

* decrements 
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decrements onlj at the tiig^les contiguoos to the sHaunitd 
A, O', and thtit these decrements take place bj two 
ranges ; tben» instead of 24 faces, only six would be form- 
ed ; and if we conceive these prolonged till tliej meet 
each other, they would compose a very obtuse rhomboid^ 
which would be the secondary crystiJ, Fig» 48. PI. V. re- 
presents such a rhomboid, with its primitive nucleus in* 
closed. We see tliat it$ summits^ A, O' coincide with the 
^mmits of the primitive rhomboid, from which the de- 
crements commenced, and that each of its faces, at 
A eot, corresponds with one of the faces AEOI of the 
nudeus, so that, the diagonal whieh passes through the 
points e, i^, is parallel to the diagonal £1 of the face of 
the nucleus, and only spmetvhat more elevated. This 
kind of crystal is found iMUong the sei^end^ry cry^als of 
specular iron-ore c^r comnspn ijron*gIance» 

3. Mixed Pecre^ent9. 
Thb mime is applied to those decrements in which the 
number of ranges taken away in breadth and height give 
ratios, the two terms of which surpass unity. As, for 
example, decrements by two ranges of molecules in 
breadth, and three in height, pr by three ranges in 
breadth and two in height, &c. It is easy to ^e that the 
theory may be with facility reduced to that pf decrements, 
in which there is only one row of molecules taken awajf 
In one of the two directions. 

4. Intermediate Decrements. 

We have seen, that in the case of a decrement by one 
row of molecules round the same solid angle, the three 
faces produced are always in the same plane^ and that, in 

that 
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iimt case, li is onlj necessary to consider the effect of tlie 
decrement with respect to one of the plane. angles whick 
concuF to the formation of the solid angle, conceiring^ 
. this effect to be prolong^ over th6 neighbouring faces. 
In that case, the decrements on these last faces are con- 
sidered as tubnOafyj to favour the action of the principal 
decremeAt. 

In general, whenever the aolid angle <>t a primitive!' 
crjhstai undergoes decrelnents which tend to produce a 
fiM^e in iis place, whatcfver the law may be to which we 
liediice the prodiictbn of that face, there are always auxi*. 
liary decrements, the concurrence of which is necessary, 
in order that the Mw face ihay be of the requisite magni- 
tikle. Now, v^hen the decrement which we Consider in 
preferenee takes place, by two ranges of molecules, or by 
a greater number, the auxiliary decrements in continuity 
with it foilaw a partictlar lilw, which it is necessary to' 
explain. 

Let AA^ Fig. 49. Pi. V. be a parallddpiped of any 
kind which undergoes a decrement by two ranges on the 
angle EOI of its be«e AEOf. It is obvious that the 
edgts of the plates of snperpositlon will have the direc* 
ttons ft c,r^, parallel to the diagonal £1, and to situated 
that there will be upon the tides 0£, OI two rows of 
molecules comprehended between the angle Oand the 
line be^ and likewise between bt andr^i But, as has 
been already said, the plates applied upon the adjacent 
faces lOA'K, KOA'H undergo likewise auxiliary decre- 
ments, which continue the effect of the decrement upon 
the angle £01. , But such, in this case, are the effects of 
these decrements, that the edges of the plates applied up* 
oh lOA'E have the directions eg*, s t ; and those of the 
plates applied upon £OA'H the directions bg^ rt. For 
• since 
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piiice the lower edge of the first plate applied Spoil 
A£OI coincides with b c, and the height of this place 
corresponds to that of a single molecule, a little attention 
will satisfy us that the plane bcg^ which on one part 
coincides likewise with b c, and on the other separates 
from the base A£OI, by a quantity measured by O^ the 
height of a single, molecule, is necessarily parallel to the 
face produced by the decrement. The same holds with 
the plane rts. From this it follows, that if we suppress 
the part situated above .r ^9, we will. have a solid on 
which the face rts will represent the effect of decrement 
that we are considering. 

Now the directions eg, 8to£ the plates a|>plied upon the 
face lOA'E (and the same may be said, of the. face 
£0 A'H) in consequence of the auxiliary detrements, are 
neither parallel to the edge, nor to the diagonal of the 
face, but intermediate between the one and the other.. 
This want of parallelism will become still greater, if 
we suppose the decrements upon the angle of the base 
EOI to take|)lace by 3, 4, &c. ranges. Thb is the- kind 
of decrement to which the name of intermediate has been 
given. It is obvious, that it may take place, in an infi« 
nite number of different directions, according as it devi- 
ates more or lesis from its two limits, the parallelism with 
the edge, and the diagonal of the face. ' 

In cases similar to those of Fig. 49. PL V. we avoid 
the complication introduced by these intermediate decree 
ments, by supposing them comprehended under the prin- 
cipal decrement. But certain crystals exist, in which all 
the three decrements round the same solid angle are in« 
termedi^te. In such a rase^ the simplest of the three is 
chosen as the principal decrement^ and the other two con- 
sidered 
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sidered as aiixiliarj^ Fig. 60. PL V. reprfesents a case 
of tbb kind ; c fty which is the edge of the first of the 
plates applied iipoh AEOI^ is so situated, that on the 
side of 01 there are three molecules subtracted \ while 
on the side 0£ there is only one ; np, which is the edge 
bf the first plate applied upon lOA^K^ indicates three 
molecules subtracted from 01, and two from OA'; cp^ 
which is the edge of the first plate applied upon EOA'H, 
shews the subtmction of two molecules on 0A% and only 
one oil OE. 

It b easy to see that the decrehients take place relai- 
iirely to the different faces situated round the angle O^ aH 
if the molecules that compose the different plates of super- 
position, being united invariably several tdgether, conapose 
other mcflecoles of a higher order, and as if the subtrac-^ 
'tion took place by single ranges of these compound mole;i 
eules* Thus there will be on the base AEOI a decrement 
of triple molecules by ttvo ranges in height, since on one 
part the quadrilateral figure cOnz^ which represents the 
base of a cfompound molecule, is equivalent to the bases 
of three simple molecules ; and, on the other, the line 
Op, which (Corresponds to the height of a plate of super- 
position, is equivalent to the height of two simple mole- 
cules. It is easy to conceive, likewise, that the decre- 
ment relative to the face EOA'H takes place by two ran^ 
^es in height of double molecules, because cOpx contains 
the bases of two simple molecules^ and O n is equal to the 
length of three simple molecules. In the decrement 
which takes place upon lOA'K there is a subtraction of 
one row of molecules triple in one direction, and double 
in the other. 

. Among these three decrements, the one which it ap- 
pears most natural to adopt as the principal^ is the se- 
• X cond, 
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cotdy which takes fiBce upon the fate EOA'H, becftose 
it IS the one fTbose direction detiates the least from that 
of tfaft diagonal £As or because it takeB place hj douUe 
.Btolecules) wliich b a more simple decrement than the 
other tiro. 

SupfWiis? infermediate decrements on the two lateral 
angles X3r^ Q' Fig. 51. PI. V. of the face of a rhomboid, 
and tSial these decrements take place by ranges of double 
molecaiesi that is to say» parallei to ti^e lines um, xyi 
u'nif x'jf. It is evident that these decrements will plro« 
diioe above eadi rhomb ^ the primitive naeleas, sacb as 
SO ^*Gi\ two faces, which commencing at the aaglev 6, 
Q[\ win conveqge towards each other, and comein eontact 
in a iine ^itaatd above the diagonal Sg-'', but inclined to 
that dii^Qal;.so that the complete result of the decrement 
wiH i>e dve formation of twelre fkces disponed nit and six 
towaids each summit. Fig. 52. Fl. V. represents one 
af thiese soMds, widi its nucleus inscribed. It is a varie* 
ijr of caicareouH-^par wliich sometimes occurs. Thd linea 
8>i a' shew the Erection of a fracture parallel to the fiKre 
G^''GS of the primitive nucleus. It appears fVom this 
^g^ne that the aacSens does not touch the secondary 
crj^l, except by its lateral angles, which are itttuated 
m tile edges BST, D«^ C<^ &c. while in the dodecahe- 
dron of &Ei^G«AN, represented in Fig. 6. and 7. and 
^niied by Hauv Mttasiic calcarems spar^ the lateral 
^ges of the nudeas coincide with those edges of the se- 
4»mddry ory^al that constitute the common basis of tlie 
two pyramids, as is evident from inspecting Fig 7. 
m. III. 

Hitherto intermediate decrements have been observed 
only in a small number of incftances, but they lead to 
finrms assimfdeasthe other^ and |ive some curious resutts, 

whick 
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-which deserve to be studied in a niatheinatical point ^f 
view, without any reference to crystaUograph^. 

5. Compound Secondary Forms. - 

Simplt tecoudaryform^ are those which proceed from Sk 
single law of decrementi the effect of which covers and 
conceals th6 nucleus, which only touches \he surface of 
the secondary crystal by certain angles or edges* Com- 
pound secondary forms are tho^e which are produced by 
several simultaneous laws of decrement, or by one law 
which has not reached its limit, so that faces remain pi|* 
rallel to the original faces of the nucleus, and which coiv- 
cur with the faces produced by decrement, to modify the 
&rm of the crystal. Suppose, for example, that the law 
which produces an octahedron fVom a cube (described a- 
bove) should combine with that from which results the do- 
decahedron with pentagonal faces. Fig. 39. Fl. IV. The 
first of these laws would produce eight faces, which 
would have, for centres, the eight angles of the cubic nu- 
cleus. It is easy to see that each of these faces, that, for 
example, whose centre coincides with the solid angle O, 
Fig. 39. Pl^ IV. will be parallel to the equilateral tri- 
angle whose sides pass through the points psL In 
like mam\er, the face whose centre coincides with the 
point O^ will be parallel to the equilateral triangle, 
whose sides pass through the points ff,n,p^ But the 
second law produces faces situated as the pentagons, cut 
by tlie sides of the triangles pst^ snp'. Now the section 
of these triangles upon the pentagon tOsO' n^ reduces 
the pentagon to an Isosceles triangle, which has the line t n 
for the base, a^d the two other sides of which pass through 
the points iys, and »,«. The same thing takes place 

with 
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with' the other pentagoits. Hence it follows, that the se- 
pondaiy crystal produced will be an icosahedrbn, bound- 
ed by eight equilateral triangles, and twelve • isosceles tri- 
finglesi. 

Fig .S3. PL V. represents this iopsahedron, in which 
|he letters correspond with those of Fig. 39. PI. IV.' and 
shew to the eye the relation between the two solids. But 
this icosahedron ha$ dimensions much greater than thos6 
of the icosahedron, which would be obtained by making 
sections of the eight solid angles of the dodecahedron, 
Fig. 39; PI. IV. which are identified with those of the 
nucleus. This increase of size was necessary to preserve 
the size of the nucleus. This will be better iiqderstpod 
by the following illustration. 

If we wished to obtain the nucleus from the icosahe- 
dron of Fig. 63. PL V. it is evident that the fractures 
must hp made in directions parallel to the edges r «, * «, 
p q^ Fig. 39. and 53, so that they should be equally 
inclined upon the faces of which 'they form the junction. 
These planes would pass at the same tim^ through the 
equilateral triangles |7 « f, ^ np% &c. and, we would ob« 
tain ' the nucleus when they all met at th^ centres of the 
equilateral triangle^. ^ 

It follows from this, that the nucleus, the edges of 
which 01, OE, &c. Fig. 39. PL IV. were uncovered up- 
'pn the surface of the dodecahedron, is entirely enveloped 
in the icosahedron, Fig. 53- PL V. excepting its solid 
angles, which ^re only points^ and which constitute the 
centres of the equilateral triangles. This being under- 
stood,, iq order tp forn^ an accurate idea of the structure 
pf the icosahedron, we must conceive that the plates ap- 
plied to the nucleus for a certain period undergo decre- 
jnents only at the angles, as if the secondary solid wei'e 
"" ■ ' ^ '■■ to 
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to be a regular octahedron. Bejond this term (the de« 
crement on the angles continuing always) a new decre- 
ment takes place and combines with the preceding ; and 
this new decrement being relative to the dodecahedron, 
produces the twelve isosceles triangles. * In this manner 
we see how the nucleus is entirely inclosed in the dode< 
cahedron, excepting the solid angles. The first plates of 
superposition, which only underwent a decrement on the 
angles, continued to envelope the nucleus by those por- 
tions of their edges which underwent no decrements. It 
is sometimes necessary to suppose, in this manner^ diffe- 
rent epochas to different decrements, which concur to 
produce a compound secondary form, when we wish to 
give a particular account of the mechanism of the struc- 
ture. 

From this statement it follows,* that the distance be- 
tween the 'centres of the equilateral triangles pis, qt9f^ 
Fig. 53. PI. V. ought to be equal to the corresponding 
edge O I of the nucleus, Fig. 39. PI. IV. as it evidently 
is to the eye, as any one may satisfy hims^ by inspect- 
ing the two figures. 

The icosahedron just described, occurs among the se- 
condary crystals of iron-pyrites. Naturalists at first were 
disposed to consider this as the regular geometrical icosa- 
hedron. But it has been demonstrated by Haut, that 
the regular icosahedron does not exist among crystals, 
and cannot be produced by any law of decrement what- 
ever. The same remark applies to the dodecahedron of 
mathematicians, a solid bounded by twelve regular and 
equal pentagons. No such crystal exists, nor can be 
produced by any law of decrement whatever. . Of the 
five regular solids of mathematicians, the cube, the tetra- 
jiedron, ' the octahedron, the dodecahedron^ an4 the icq- 

sahedron. 
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fahedron, the first three occur in the mineral kingdom^ 
but not the kst two. 

It will be worth while to gire another example of- a 
•compound secondary form ; and we shall take for that 
purpoAf the regular six-sided prism of calcareous^spar, 
* Fig. 1. PI. III. From the account formerly given of the 
manner of dissecting this jHism, it is easy to conceive that 
k& rhomboidal nucleus AAS Fig. V. has its solid lateral 
angles £, O, I, K» 6, H> situated in the middle of the 
laces of the prisms ; fnmi which it follows, that these 
•ng^^are the points from which the decrements set mi 
(hat produce these facerJ 

These decrements act at once upon the three plane 
angles EOI, EOA', lOA' ; but we may satisfy ourselves 
with considering the decrement relative to one of these 
angles, supposing the face which results from it extends 
itself upon the two adjacent rhomba belonging to the 
same angle. Let us agree, therefore, to restrict the 
wh(de to the six angles £01, EHG, IKG, HGKvOIK, 
HGO, the three first of which are turned towards the 
summit A, and the three last to the summit A^ If 
we suppose a decrement by two ranges of rhomboidal 
molecules on these different angles, six faces will be 
produced parallel to the axis, as has been already ob« 
nerved. 

The plates of superposition, at the same time that they 
undergo « decrement towards their inferior angles, will 
extend by their superior parts so as to remain always 
contiguous to the axis, the length of which will progre»* 
sively augment. The faces produced by the decrement 
will gradually increase, and when they touch each other 
we shall Iiave the solid AA% Fig. 4. where each of the 
faces, as o O a, is marked by the same letter as the angle 

O, 
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O^ Fig. V. to which it belongs, and which is now situs- 
ted in the middle of the triangle o O o, because it eoa* 
stitntes the common point fit>m which the three decre- 
ments set ont. 

In proportion as new plates are applied after this to 
the ^preceding ones^ the points 4>, o rise up, while the 
j>oint O sinks down, so that at a certain period we shatt 
hare the solid repreaented by Fig. S. where the faces 
produced by the de6nemenis are become pentagons^ njck 
asootO€. 

Things being in. this state, let us suppose a second de* 
«pemeBt to concur with the first, and to take place bj • 
single range upon the superior angle £AI, Fig. 5. and 
its opposite angle HA'K, always with this condition, that 
the face produced by it on both ends of the figure is cen« 
tiniMd upon the two rhombs adjacent to that to whidi 
the angles EAI, HA'K belong. The effect of this decre- 
ment will be, to produce two faces perpendicular to tlie 
axis; and when it has reached the point at which these 
faces cut the six faces parsilel tolhe axis produced by the 
first decrement, the secondary solid will be completed, 
and will be a regular six sided prism, Fig.l. PL III. 

We have already said that this result is general, what* 
ever be -the measure of the angles of the primitiv^e rhom- 
boid. We now see why, in the mechanical division of 
the prism, the cut ppoo^ Fig. 2. PI. III. has its sides 
pp^ oo parallel to each other, and to the horizontal dia* 
gonal EI, Fig 5. PL HI; .since the two decrements 
t^ing fklace, the one upon the angle £OI, the Other 
upon tlie angle EAI, tive plates of superposition oughfW 
have their edges turned towards this sjfme diagonal. 

In the case whidi we have been considering, arid which 
is the most usual, the axis of the secondary crystal is 

longer 
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longer than that of the nucleus ; so that this nudeiis hd-' 
Ting its lateral angles contiguous to the iaces of the 
prism, its summits are inclosed within the prism, at a 
certain distance above the centre of the bases. If we 
were to suppose that the two decrements began at the 
same time, in that case the axis of the prism would be 
equal to that of the nucleus, and the lateral angles and 
summits of the nucleus would be tangents, the one to the 
faces of the prism, the other to its bases. If the decree 
ments on the superior angles of the nucleus were anterior 
to, the other decrements, which is the oppoiite of the first 
case, the summits of the nucleus would then b6 contigu- 
ous to the bases of the prism, while its lateral angles 
would be wholly within the prism, between the axis and 
tiie prismatic faces. This is the case with certain crystals 
in which the prism is very short, and resembles an hexa* 
gonal plate* 

Of secondary Forms ^ when the AfoUcutfs differ from Parole 
lelopipeda. 

It is a character common to all the primitive forlmsj 
to be divisible parallel to their different faces. In the 
parallelopipedi when it is not joined by some other in 
a diiferent direction, such a division leads us obviously 
to the form of a molecule, similar to that of the primitive 
crystal. In the regular six-sided prism, it gives us for a 
molecule a triangular equilateral prism. In the octa- 
hedron, it appears te produce molecules of two different 
forms^ some by tetrahedrons and octahedrons : the same 
thing happens with respect to the tetrahedron. Various 
ideas have been suggested by philosophers to get over the 
difficulty in this case. Dr Wollaston has got rid of it , 
by supposing the molecules to be spherical^ and to pro- 
duce 
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dvce tbe tetrahedrons and'octabedroiis, bj combining in 
fours and sixes. Hauy 'conceives that the tetrahedron is 
the integrant molecule^ and that the octahedrons are no*> 
thing else than empty spaces between the molecules^ pro- 
duced by these molecules uniting by their angles. The, 
subject does not admit of decision ; but as it is of no con* 
sequence to the theory of crystallography what opinioa 
we adopt, there is. no occasion to enter upon the discus-^ 
sion of the subjeict here. The rhomboidal dodecahe- 
dron, when divided in this manner^ gives tetrahedrons 
of isosceles triangular faces^ equal and similar to eadi 
other. 

. With respect to the dodecahedron with isosceles tri« 
angu]ar faces, we cannot extract its integrant molecules 
without dividing it in directions diflferent from those 
which are parallel to the faces. The cutting planes 
must pass through the asb, and through the edges con* 
tiguous to angles of the summit. The molecules ob- 
tained are irregular tetrahedrons. . The other prin^- 
tive forms sometimes admit of division in directions pa- 
rallel to the faces. This is the case with the rhombdld, 
which constitutes the priipitive form of the tourmaline 
' It may be divided by planes passing through the axis 
and the oblique diagonals. The result is the production 
of tetrahedral molecules, such as are represented in 
Pig. 33. PL IV. ^ 

: Thus, besides parallelopipeds, there are two other 
shapes which the integrant molecules assume ; namely, 
the tetrahedron^ and the triangular prism. Now, it de- 
serves attention, and it is a point of considerable conse^ 
quence.in the theory of crystals, that the tetrahedral and 
prismatic molecules are always arranged iU'Such a man- 
ner Jn the interior of primitive ^d secondary crystals, 
: Y that. 
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^aty toUng tliem in groups of 2, 4, 6, or 8, they com* 
pose parallelopipeds ; so that the ranges subtracted bj 
the effeet of decrement, are nothing; eiie than the^e paraU 
Idopipeds. 

' In order to conceive the better hoir this maj be, kt 
us suppose for an instant, that the * molecules of calca- 
reous-spar are divisible into tetrahedrons, as is the case 
with the rt^ombpid, which constitutes the primitiTe form 
of' the tourmaline. This supposition will /change no* 
thing in the explanation of the different fornra of which 
calcareous-spar is susceptible ; that is to say, that in 
determining the forms of this mineral, fuded by the 
theory, we may always sieitisfy ourselves with consider* 
ing decrements by one or mofe ranges of rhoaiboidal mo-> 
lecuies. 

What is only a hypothesis with respect > to calcareous- 
spar, is a reality with regard ^o the tourinaline. Bui 
although the rliomboids, to which we arrive by met^luu 
nical division in this species, are themselves divisible 
into tetrahedrons, still the decrements which produce 
the secondary forms take place by the (subtraction of 
rhomboids similar to the primitive forpi ; so that we 
may suppose, in the calculations relative to the detemU- 
natron of these forms, that the tetrahedrons ivhich constiy 
tute the true molecules are united together in an ipyari- 
able manner, in each rhomboid. 

Let us take another example from those crystals whose 
[Hrimitive form is a regular six-sided prism. Let AD, Fig. 
SS. PL, IV. be the base of such a prism, divided into 9tnall 
triaifgles, which constitute the bases of the integrant mo- 
lecules. It is evident, that any two neighbouring tri- 
angles whatever, such as Apt, AOt, compose a rhomb, 
9Pd of course the two prisms to which they beleng form 
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fay their union k prism with a rhomboidal base, which ia. 
a species of parallelopiped. If we conceive thai the tw0 
triangular prisms, #hicti constitute elements of the paral- . 
lelopipeds, are invariably united together, it is obvious 
that we may consider the six-sided prism as composed of 
rhomboids instead of t)t*iangalar prisms. Now, if we con« 
Ceive a series of plates piled upon the* hexagon ABCDFG- 
Fig. 39. wM^h undergo, for example, upon their djf- 
fefehi edgeiy a subtraction of one row of parallelapipeda 
similar fo those that we ar6 supposing here, these edges 
will suedefssively correspond with the lines of the bexagoa 
timnrhi ^^^jfg^i &c.; from ivhich we see, that thcf 
quantity by which eKcb plate passes the other is a sum 
of parallelopipeds 6r prisms with rhomboidal bases; and 
it is easy to judg€^^ that the result of the decrement^ 
suf^osing it to reach its limit, will be a right hexangu- > 
lar pyramid, which will have fo^ its base the h^zagoA 
ABCDFG. 

AI) tlie other primitive forms different from the pBrai^ 
lelopiped, give analogous results. We might even sub- 
stitute for eaeh of these forms a nucleus similar to the 
little parallelopipeds, which are formed by the union of . 
the tetrahedrons or triangular prisms, and we would suc- 
ceed equally in explaining the secondary iortns by lawi^ 
of decrement applied to that nucleus, which would be ob« 
tained likewise by mechanical division. 

Haoy calls these parallelopipeds composed of tetrafae- t 
drons or triangular prisms, sUblracUve molecuks. They 
are always substituted in ]daceof.the tetrahedrons or 
triangular prisms, in considering the decrements which 
produce the secondary forms in these cases. Thus, as 
fkr as the theory of crystals is concerned, we have . 

nothings 
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nothing to do with the integrant molecules, but may 
conceive all crystals composed of a congeries of paral^ 
lelopipeds. 

4. Dtfferefiee between Structure and IncremetU. 

In the preceding exposition of the Theory of Crystal- 
lography, it has been sui^sed that the laminse of which 
the crystals of the same species are composed, proceed 
from a common nucleus, undergoing decrements subject- 
ed to certain laws, upon which the forms of these crys- 
tals depend. But this is only a conception adopted m 
order to. makers more easily perceive the mutual rela- 
tions pf the .form in question.. Properly speaking, a 
crystal is only a regular group of similanr molecules. It 
does not commence by a nucleus of a siae proportioned 
to the volume which it ought to acquire, or, what comes 
to the same thing, by a nucleus equal to that which w^ 
extract by the aid of mechanical division ; and the lami« 
nse which cover this nucleus, are not applied successively ' 
upon each other in the same order in which the theory 
regards them. 

The proof of this is, that among crystals of different 
•aizes^ which are frequently attached to the same basis,, 
the most minute are as perfectly fprmed as the largest i. 
from which it follows, that they have the same structure^ 
that is to say, they already contain a small nucleus, pro- 
. portioned to their diameter, and . enveloped by a number 
of decreasing, laminie, necessary inorder that the poly- 
hedron should be provided with all its faces. We do not 
perceive these, various -transitions from the primitive to 
the secondary forms, which, however, ought to be disco- 
verable, if, during the process of crystallisation, the py- 
ramids 
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ramids resting on the nucleus were formed progressively 
in l&j«rs froot the base to the apex. This, however, i» 
only true in general.; foir it sometimes bappenSy in arti- 
ficial crystallisation, (and it is probable that it also occurs 
in. natural bodies,) that a form, which had attained to a 
certain size, suddenly experiences variations by the effect 
of some paiticular circumstafBce. We must therefore 
conceive, for exampk^ that frofri the first moment a crys- 
tal, similar to the rhomboidal dodecahedron, is alreadgr^a 
v<ery small dodecahedron, which contains a cubical nu* 
cleus, proportionally small, and that this kind of embryo 
continues to increase, without changing its form, by the 
addition of new lamiose on all sides ; so that the nucleus 
increases on its part, always preserving the same relation 
with the entire crystal. 

We shall make this idea more distinct by a construc- 
tion, which refers to the dodecahedron already mention- 
ed, and represented by means of a plane fi^re. What 
we shall say of this figure, may be easily applied to a so- 
lid, since \ve may always conceive a plane figure^ like a 
section made in a solid. 

Let tasis'y Fig. 64. A, PI. V. be an assortment of 
small squares, in which the square BNDG, composed of 
49 imperfect squares, represents the section of the nu-^ 
cleus, and the extreiiie squares ^ p^ t, B, /, c, Sy &c 
that of the kind of steps formed by the laminae of super^ 
position. We may conceive, that the assortment has 
coinmenced by the square BNDG, and that different 
piles of small squares are afterwards applied on each 
of the sides of the central square ; for example, on the 
side BN, at first the five square^ comprehended be- 
tween/and A, afterwards the three squares, contained 

between 
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between e and f, and then the square e. This progress 
corresponds /With what would lake place if the dodecahe- 
dron commenced with a ctibe proportioned to its volume, 
and which afterwards increased by ^n addition of laminie 
continually decreasing- 

But, on ' the other hand, we may imagine that the as- - 
iortment had been at first similar to that which is repre- 
sented by Pig. 54. C PI. V., iii which the square BNDG 
is only composed of nine molecules^ and had on each of 
its sides only a single square s, f, s', z. If we refer, in 
imagination, this assortment to the solid of which A is ' 
the section, we shall easily judge that this solid had fpr its- 
nucleus a cube composed of 27 molecules^ and of which- 
each face, composed of nine squares, carried on that of 
the middle a $mall cube, so that the decrement of one* 
range is already exhibited in this initial dodecahedron. 
By application of new squares, this assortment will be- 
come that of t'ig. 64. B. PI. V, in which the central 
square BND6 is formed of 25 small squares, and snp« 
jK)rt8 on each of its sides a pile of three squares, besideitf 
a terminal square *, ^ «', or z. Here we have already 
two laminie of superposition instead of one only. Fi- 
nally, by an ulterior application, the assortment of 
Fig. 64. B. PI V. will be changed into that of Fig. 64- 
A. PI. V. where we see three laminse of superposi- 
tion. 

These different transitions, of which we afe at liberty 
tQ continue the series as far as we please, will give an 
idea of the manner in which secondary crystals may in- 
crease in magnitude, and still preserve their form ; from 
which we may judge that the structure keeps pace with 
this augmentation of volume ; so that the law, according 
to which all the laminse are applied on the nucleus, when it 

has 
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lias attained its greatest diameter, and which sucfcet* 
lively decrease, was already sketched ip the pascent crys* 
tal. 

S. Of those Cry^tah in which one half is turned rounds and 
of others that intersect tath other. 

Having considered the most J>erfect and regular fom^ 
of crystals, we shall now speak of certain accidents, which, 
under the appearance of exceptions or anomalies^ still 
polssess a latent tendency toward the same laws to which 
the structure is subjected, when nothing deranges their 
progress, or disturbs their harmony. 

In ordinary crystals, the faces adjacent to each other 
always form salient, and never re-entering angles. But 
crystalline forms also exist which present these last an- 
gles \ and Rome' de Lisi.b was the first who observed, 
that ^is effect took place when one of. the two halves of 
a crystal was in a reversed position with respect to the 
other. A very simple example Will enable us to conceive 
this reversed position. 

Let us suppose that B i. Fig. 55. PL YI. represents to 
oblique prism, with rhombic bases, situated in such a 
nanner, that the faces AD d a, CD d ic, are vertical, and 
BD are the acute angles of the base ; and the latter pro^ 
ceeds in an ascending dire<;tion from A towards C. Let 
us also suppose, that the prism is .cut into two halves, by 
means of a plane which should pass by the diagonals 
drawn from B to D, and from h to d, and that the half 
situated on the left, remaining fixed, the other is rever- 
sed, without being separated from the former. The 
fsrystal Will be presented under the aspect which vve see 
hji Fig. 56. PL VI., where thie triangle i' «? e', which was 
■: ■ one 
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one of the bdyies of the inferior base. Fig. £5. .PL VI. 
is now situated on the upper part, Fig* 66. PI. VI. and 
forms a salient angle with the fi;xed triangle ABD; while 
the triangle BDC, Fig. 56. PL VI. which was one of the 
halves of the superior base, Pig. 55. PL VI. is trans- 
ported into the lower part. Fig. 56. PL VI. and forms a 
re-entering angle with the fixed triangle abd^ 

We can easily conceive that the plane of junction 
DB bd of the two halves of a romboid, is situated like 
a plane produced by a decrement of one range on one of 
other of the edges A a, C c. Fig. 65. PL VI. ; and thus 
the manner in whicb these halves join» is in strict relation 
with the structure. 

Now if we imagine a secondary form, which has for its 
nucleus the s&tme prism, and if we suppose that it ha» 
been cut in the direction of the plane DB b d, and that 
one of its halves is reversed in such a manner, that the 
half of the nucleus which corresponds with it, assumes 
tho same position as in the preceding case, the arrange- 
ment might be such, that there is still a re-entering angle 
on the one hand, and a salient angle on the other, which 
will result Orom-the mutual incidences of the faces prodii- 
ced by the decrements. - 1 

In certain cases, the plane of junction, on which the 
two halves of the crystal are joined, is situated parallel 
to oneof the faces of the nucleus, and the arrangement 
does not admit of presenting a re-(5nteriog angle opposite 
to. a salient angle. 

Hauy has given to these reversed crystals the name 
hemt'tropesi denoting one-half reversed. 

Another accident, eiitremely common, is: the manner 
in which grouped crystals are inserted into each other. 
This kind of apparent penetration is subject to so many 

diversities^ 
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diversities, that frequently, a^oiig crystals of the same 
group, we do not find two relative positions resembling 
each other. But although, in general, the. positions in 
grouped crystals are extremely variable, we find^ on more 
accurate examination, that they are subject to certain laws 
always analogous to those of structure. 

Let U6 tfike a simple eitample to iUostrat^ this. Let 
AG, Fig< 67. PL VI. be a cube, and MN ran equilaiteral 
triangular facet, produced in place of the saa^ A, iu 
qonsequence of a decrement by one range round this 
same, angle. Let ilb suppose a second cube modified iik 
the same manner, and attached to the former by the facet 
which results from the decrement indi^cated by M, N» r. 
We shall have the assortment represented by Fig. 58. 

Pi. VI, 

We may now Conceive that one of the two cubes, that^ 
for e:xample, which is placed below^ is increased in all its 
dimensions, except at the places where the other forms 
an obstacle to it. In proportion as this increment be- 
comes more considerable, the upper cube will be more 
and more enveloped in the inferior one, and it may even 
finish by being entirely concealed by it. We observe 
crystals sunk into each other all degrees of depth, but al-< 
ways in such a manner, that theiir plane of junction has 
a position analogous to planes resulting from decrement, 
so that both structures follow their ordinary progress, to 
this plane, which serves as their mutual limit or bounda- 
ry. Hauy having divided cubes of fluor-spar inserted into 
each other, remarked, that the ifolia of each, extended 
without interruption, until stopped by the common plane 
of junction. 

The example just mentioned relates tO! a very simple 
and very regular law of decrement. But frequently the 

Z laws 
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laws which determine the plane of juncttM ore more or 
less complicated, are there are' a few irhieh are somewhat 
extraordinary. 

When two prisias cross towards the middle of their 
«xis, there 4Eire two planes of junction whk!h unite, cross- 
ing each other, as in the mineralnamed jfrena^Aey Fig. 63* 
PL III. of Syitem &f Jfiaera/sgy, and ttese planes have 
posi^ons analogous to those which would be determined 
immediatdy by the known laws of decrement 

& Ofik€Sy9iAohu$eiiodemdeihepaHicularLamofl^^ 
cremM mAifik produce ike Secondary Form*. 

Haut has inyented particular symbols, to denote the 
particular laws of decrements which produce the se- 
condary forms. As these symbols occur constantly not 
only in his writings, but also in those of all the authors 
of the same school of mineralogy, and as they are useful 
by greatly shortening the account of the formation of se*> 
condary crystals, we shall here explain them. 

Let Fig. 69. PI. VI. represent an oblique parallelopi^ 
ped, the faces of which have angles with different mea- 
smrementn, and let it be the primitive fbrm of some mine- 
ral ; as, for example, of felspar. 

The vowels are adopted to represent the solid angles. ' 
The four first. A, E, I, O, are placed at the four angles 
of thesuparior base, following the order of the alphabet, 
and that of ordinary writing, namely, beginning at the 
top, and g<»ng from left to right. 

The consmiants are chosen to denote the edges. The 
six first, B, C, D, F, G, H, are placed on the middle of 
the edges of the superior base, and upon the two longitu- 
dinal edges of the hteral faces, which occur first in going 

firosa 
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fiQui left to r^t These consonaater are likewke anran-^ 
ged in the aipbabeticri order, and according to the usual 
mode of writiiig. 

The letters P, M, T, which are the initials of the syl< 
hiUet of wbi<9l the word primiiive is composed, are pla- 
ced eaeh in the middle of the superior base, and of the 
two lateral faces exhibited to view. 

Each of the four solid angles, or of the six edges mark^ 
ed hj letters, is susceptible in the present case, on account 
of the irregular form of the pandlelopiped, of undergoing 
inrtieukur laws of decrement. Hence the reason wbj 
they are marked each with a different letter. Bttt as the 
laws of decrement act with the greatest symmetry- pos« 
siUe, every thing which takes place with respect to the 
anises and edges marked with, letters, takes place also 
with respect to the opposite angles and edges which are 
aot marked, or are not visible* It was only necessary to 
mark the number of solid angles or edges which undergo 
distinct decrements, because these decrements include 
likewise implicitly all those which take place upon analo« 
gOtts angles or edges. 

In some cases, however, it is necessary to indicate these 
last angles or edges. In 9uch cases, the small letters, 
having the sajne n^es as the capitals, are employed for 
the purpose. The' angles analogous to A, £, I, O, are 
denoted by a, e, t , o; and the edges analogous to B, C, 
D> F, G, H, are denoted by 6, c, d^f, g-. A, But it is 
very seldom necessary to mark these small letters on the 
fi^rure ; i{t is sufficient to introduce them into the symbol 
of the crystal, because it is easy to conceive the place 
which every one ought to occupy in the figure. 

To indicate the effects of decrements by one, two, 
(hree, fqur, or more ranges in breadth, the figures 1, 2, 

3, 
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S, 4s &c. are employed in the waj to be inniicdiatdy ez^ 
pkmed ; and, to indicate ibe eflfects of decrements bj 2, 
S^ &c. ranges in height, the flractimiS ^, ^, i, &c. are en^ 
I^oyed. 

The thrte letters P, M, T# serre to disfinguish ettbeir 
the form of the nucleus, without any modification, whci^ 
they alone constitute the symbol of the crystal, or the ia^ 
ces parallel to those of the nucleus, in thcr case where the 
decrm^nls do not reach their limit; and then. these let- 
ters are combined in )the symbol of the crystal witii those 
whiich relate to the angles or edges that hare, undergone 
decrements. 

Let us suppose, at fi^t, for the greater simplicity, that 
oneof the solid angles, such as O, is intercepted by a 
single additional face. The decrement which produces 
ibis face may take place either on the base P, ot on the 
face T, which is on the right of the obsenrer; or on the 
face M , which is on the left. In the first case, the fi- 
gure marking the decrement is placed iahoFe the letter O ; 
in the seccmd case, the figure is placed like an ordinary 
exponent ; in the third case, it is placed on the left sid^, 

and somewhat above the letter. 

..... ^ 

Thus, O denotes the eflfect of a decrement by two ran- 
ges in breadth, parallel to the diagonal of the base P, 
Which pasiBes through the angle E. ' O' indicates the ef- 
fect of a decrement by three ranges in breadth, parallel 
to the diagonal of the face T, which passes through the 
angle I. ^O indicates the effect of a decrement by four 
ranges in breadth, parallel to the diagonal of the face M, 
%hat passes through the angle £. ' 

When the decrement relates to some one of the three 
other solid angles I^ A, iE, th^ observer is conceived y> 
*'*' • -.*.•■..•. move 
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moTe round the crystal till he is opposite to that angle^ 
as he is naturalljr opposite to the angle O in, the cast 
which we have been describing ; or, what comes to the 
same thing, he is conceived to turn round the crystal till 
the solid angle that he is considering be exactly opposite 
to him, as it is relative to that position that a decrement 
is said .to take place towards the right, or towards the 
left. 

For example, if we are speaking of the solid angle A, 
the sign A^ will represent the effect of a decrement liy 
tfvo ranges on Uie .s.urface A£«r, Fig» 60. PL VI. or 
upon thM which is opposite to T, Fig. 69. PI. VI. ; and 
^A will J^present the effect of a decrement by three 
ranges ^pou the faice AI u r. Fig. 60. PI. VI. or upon 
jthat whieh is oppose to M, Fig. 60. PL VI. 
. As to the decrements . on ihe edges, those which take 
place towards the boundary BCFD of the base, are ex- 
pressed by a number placed above or below the letter, 
according as their effect takes place in going up or going 
down, supposing them to set out from the edge to which 
they are referred ; while those which take place on the 
longitudinal edges 6, H, are indicated by an exponent 
placed on the right or the Idt of the letter, according as 

they take place in one direction or the other. Thus D' 
expresses a decrement by two ranges proceeding froip D 

5 

towards C ; C a decrement by three ranges going from 
C towards D ; D a decrement by two ranges, descend- 

9 

ing upon the face M ; 'H a decrement by three ranges, 
proceeiding from H towards G ; *G a decrement by four 
ranges, proceeding from G towards the edge optx>site to 
H, &c. 

When 
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Wheo it is necessQiy to denote by a small letter, such 
as d, a decrement upon the edge te r, FJg. 60. PL VI. <^ 
posite to the edge denoted bj the capital letter D, Fig, 
59. PL VI., we must suppose the . crystal turned updde 

down. Hence i will express a decrement bj two r^ges 

upon the base f.^ just as D expresses a similar decrement 
on the base P. For the same reason, c will ^xpre^s a 

5 

decrement by three ranges, |NX>ceeding from «p towards 
EO, Fig.60. PLVL 

If the same solid angle, or the same edge, undergo se- ^ 
veral successive decrements on the same side, or different 
decrements whidi take place on « different sides, in that 
case, the letter pointing out the angle or edge is repeate<ih 
as often as the decrements, varying the figilre eachthne^ 
to make it correspond with the particular decrements 

pointed out. Thus, I) D will denote two decrements 

upon the edge D, one of two ranges upon the base P, 
«^ptber of three ranges upon the face M. ^H ^H will 
denote two decrements, the one by two ranges, tbcf ott^ 
by four, on the left pf the edge H. 

Mixed deqrements are marked according to- the same 
principles, employing the fractions |, |, &C; which re- 
present them ; the numerator referring to the decrements 
in breadth, and the denominator to decrements in 
height. 

The method of describing the intermediate decrements 
still remains to be explained. This will be best do^e by 
4p ex^unple. Let AEOI, Fig, 61- PL VI. be the same 
face as in Fig. 59. PI VI. Let us suppose a decrement 
by one range of double molecules, according to lines pa- 
rallel to xjfi so that Oy measures the double length of a 

molecule^ 
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nioleculei O x lines equal to a «ingle molecule. This 

kind of decrement Is written in this manner, (0 D^ F*). 
The parenthesis lets lis know, in thie first place, that the 

decrement is intermediate ; O indicates that it takes place 
by one range upon the angle marked by that letter ; and 
that it telongs to the base AEOI, Fig, 69. PL VI, 
D^ F^ indicates that there is one length of a molecule 
taken away along the €dge D, and two lengths along the 
edge F. * 

It is useful to have a language to denote these symbols, 
so that they iiiay be easUy written down when dictated 
by another person. On that account, we shall men- 
tion here the mode followed for that puxpose. The 
symbols O^y 'O, are thus read: two, on the rights O 

' three on the left, O, O thus, O under two, O above Jour. 

Finally, the symbol (0 D^ F«) thus, in a parenthesis, 
O under one, D one, V two. 

We must now notice the order in 'which these letters 
must be placed, in order to denote a secondary crystal. 
If the alphabetical order were adopted, there would re- 
sult a sort of confusion in the picture which the formula 
presents. It is more natural to conform to the order 
which would direct an observer in the description of the 
crystal ; that is to say, to begin With the prism or thii 
middle part, and to indicate its different faces as they 
present themselves successively to the eye i then to pais 
to the faces of the summit or the pyramid. 

Suppose, now, that Fig. 6S. PL IV. repr^senli^ 
the Mrinary variety of ft\sp$r, the primitive folm 
of which k seen in Fi^.fi9« PLVL In thii vA> 

riety. 
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lietj, the face /, Fig. 03. PL VI. results from the d^ct^ 
meat by two ranges on the edge G, Fig. 59. PI. VI. gor 
ing towards H. The face M, Fig. 62. PL' VI. corre*, 
sponds with that which is marked with the same letter ia 
Fig. 59. PL VI. and which is only concealed in part by 
the effect of the decrement. The faqe T, Fig. 62* PL 
VI. is parallel to T, Fig. 69. PI. VI. The pentagon *, 
Fig. 62. PI. VI. comes from a decrement by two ranges ' 
on the angle I, Fig. 59. PL VI. parallel to the diagonal 
AO. As this decrement does not reach its limit, the 
summit exhibits a second pentagon P, Fig. 62. PL VI. 
parallel to the base P^ Fig. 59. PI. VI. All this descrip- 
tion may be exhibited in symbolic language, as folkms : 

G«MTIP. 

In order to prevent beginners from finding any thing 
ambiguous in this symbolical mode of writing, especi- 
ally in complicated cases^ Hauy is in the habit of pla- 
cing under the different letters which compose the sym- 
bol, those which correspond to them in the figure. If 
we adopt this mode, which is a considerable improve- 
nxcint, the symbol denoting bibtnary felspar will be as 

foUows: G^MtIp. 
/MT»P. 

These letters thus written below^ enable us to compare 
the symbol with the figure, and thus toidecypher the 
meaning with facUity^ how «om4>licated soever it should 
be. But some more observations will be necessary^ in or- 
der po understaQd fully the, way in whi(^ these syjpaibols 
are employed. 

L«t us now, then; turn our att^tion to p^allelopipeds 
of a more regular form than that vflmk cofistitute^ the 

primitive 



jpntoMite vij^i^JoC fel^r. : But .kl.us ffim»|K>8e tkedt ftl^ 
firsi.jiai to be rhomlmds. {Tfa^yfarenotbiRg eketbmr^ 
what urepreseiitcA4o:Fig:«%hiPl. VI. but the form hft»^ 
varied, so as to render them symoietrieal. In eon* 
frequence of t&is ' Blteration^ eerfain. angles uxsd edg^i 
which dUT^^Iftoiii cadi otito- i<i:.tbeiir^ paraltelopipad^' 
hirv^e b^oBB^.^ifiial in^lMsu : ti^nce^ every thing that taktii 
place 6h one^of tbeni isr re|iefital dd the other. Thejf 
oti|^(y therefore, to be. demoted rby. the sraie letter;. Tfatia^' 
y algebra^ certain gunerab sotutiona arie ^iioaplilied in.par^' 
tieiilar cases, wfa^ii a cjuantityv at iiiPst?suf)fioaed to lie AiS^. 
ferenf frcm another^ becqmes equal tQ it« ....... 

L^t tfs suppose, for example, thaC the primitive £bnil 
is a rectangular pciMn^ havl(i|( oblique-angled paraUelo^ 
grams for i^ ba^es, one side Jot which is longer than 
the othen In that case, we liave Or: A^ Pig, 59, PI. VI- 
I^]^, &e. In sueh a case, the first letter of .tfae^alpha- 
bet will be substituted for the pther^ as is done in Tig. 

^;pi. yi. 

If we pas»' through the difiereiit khid$ of p'arallelopir' 
peds, we shall find them acquire difiS^ent degreesrof sim^ 
plicity, which oceasions new equalities iii the angles and 
edges, and of c^ur^e. new substitutions .of .letters. VVe 
shall have successively, ^ 

The obKqiie ptf suit with rliTomboidal bases,* repritented 
k1Figyi9.Pl. HI. 

The rectangular prishi^ with rectangtrlai!' bases, repre- 
fenteditrHg.ie. PLIII. 

Th6 rectangular prhm, with rhotftbc^dfKl basef, repre^ 
sentedinFig. 17. PI. III. 

The rectangular prism, with sqttare biss^f, represinAed 
in'Ffg. l&PKIIL 



1^ .vsnmiMf cRJiiAGtoa t 

^^^tibr, rywi^utiJ la Fig, ift BL YI4 Heremlrtfiv 
««pcddr baoM »l m«^#d witii Idkcctt bttein^ whgl tefem* 
I^ftiie with Mrflert to it nttjr he HffiM isdifieraitll^ te 
MfofOleotlwrfSNei^ 

, H^ stone mdde k MbmeSki writiftf tte l^MMb fir 
lUcve HJ&ttoi fimUBi ladjr ^ le^wi Aai hme the iiM« 
tefte told tibt^ aft^ie figiifa% art ii#t MfMitoA. Ai m- 
ni^tewi]l]«iiidi^ thetoMmlendittt Figi<M^PLVI» 
oqnr^ati the aMtt tumtaioit taric^ 4f tlM^ crytoMyf^ 
tiw fniebiip (rf wMdi k A rirttoignW |tomlkl«|;^)t4^ 
8iidiabllfiptaMitodiiiF%.fi&PLVL Tko syalM^ 

tt tie seccodarj ciYsUtl Will be M !• »G G* & A^^A; 
- MT t i ^^ 

!]^ib lUitfiMtiiiMf ^ pr^^diiig esrpr^Mioii betWnf, tet tt 
ntathk eack to^l^ ettdd^widl n |te»tte«il^tetter» ftsif flit^ 
pititititidpi^ #il« dl^ue aagfed. See Fig. 65 K PL Yt 

Ifi t)iat eme» tbe sjmbolwoald become 1\fl' ''G R^" B £* 

H^ %. Boi if ^^cAttfrnrt F%. 65«. with Fig« «S. we 
Me^ tlM Bmfi^ FsaB^ OsA, &c* Hetice. if we •ubitt^ 
teto, taiitokid of the fint letten^ tftdv valnei^ we g6| 

Ht »e€^*i ift A^^A, wbfeU becomes tlie whe wtA 

the one girea abere, when the its elew repetiliaB ^ i h^ 
toqppressed. 

From the (icacedii^ statem^t, it k evident that weaaust 
tdcecarenottoobnfoundyforexaadplei^'G 6' wjihG' '% 
Ihm firsi fjrpibol iadieatea the decremeaU whieh take 
pkee on the face T, Fig. 65. PL VI. and oa th^ face cypo- 
lilatoit, gdlngj firom theadges 6 towards those that aoare- 
^pmd with them behind the paraUdopififd. 'Fhe aeoo&d 
in#tn((ts the decremoits which take |dace apon the face 

M, 



% Hfd-nUA Bftect e$tik otiher^ in tbe i^siMt rf Uiat f«cp. ^ 
K^AcM tm> dtfciMMmts took ptfKt suMUanMuyty^ tbdlr 

Uk thft pF«oettiig t^tnixiii, eadh kittr, each ^ 9fi ^r 
€h9 «iitt MlgrbeJipldM toa smgfe«dge;tttitatad to tke 
rigjbtortkelill,^ tbat kttor kaelf. But ^6f applies 
HiMferttKlhf to ^ (MI6 edge 4Mr titt olkcr. If enca, it is 
fiee^ikAs to r^paat 41miI loiter. 

Xei ui tike tbe Flfure 66« w anaUiar eaiaasple ^» If 
w« mippaie Fig. |T. to repreeent its |»iiaitite fosA^ ire 
wfll liav« far Hia eymboi of tiia varietf of crystal jban rir- 

presented, ^G» M 6 § jfe ^ ?. 
M r s 2r u P. 

tn ^is symbal ^€* imiicates two disiinet faees ferm- 
'ed on eadi side of each edge O. But k is not neeessaf y 
' to place two letters under that symbol* beaawie all tie ' 
flu^ situated in tiit sama manner befog dlsttnguisiied by 
the same letter la die iigfire, it is suffieieiU; topafat 0itt 
ttiat tlie ^mfoal *G' apjdies to the faoes maAied with 
ilia teiter oj isnd this requires only to write the lettly a, 
ipod aaitr &e syni^ 

j^om t% same principles, it foltows, that th^ rhom- 
batdal dodeoAedron derked from the eidbe, Ilg. 08; PI. 

VI. is expressed by the symbol bB. The octahedron 

4crivad from the cube is expressed tbiis, A ^A^ 

^I'he jribomboid, supposing it placed in the most natural 
aspe^; tlial is to say, so tibat the two solid angles com» 

poMd 

'> a iaitflgua> fe»aaicniMJmiriity^ tfie tO|ag; of ttmm immttff^ 
tloii rmptctin^ the primittve ^rpitil k ncl ssoiiats Bel tlnn ^a^^ M jtoi>. 
ipaf tb^ iUitttni:tio% 
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posed of three. iequd plane angles, are ,m th^fSimfeifeftl^ 
calline, has^ properlj speaking, nb base, btit merely W|B- 
mits, which ^re the extremities of its ajus. Its^asgl^ 
and edges are marked as in t'ig. 67. H. VI. The letter 
€ denotes that the angle loarked hj it is siimlar t0 th^t 
which is marked with a c^tal £. So jdia£ if aU tM la- 
teral angles were indicated by lett^ers, ihe. tiiree.nenreit 
the superior summit, would have the latC^- B^ uttd 1^ 
three nearest the' inferior summit ^be kiHiir e. ' 

As the rhomboid has its sqc faces, eqtial and iriiiMJ^^ it 
is only necessary to consider the decreineiits; rela|i?(e to 
one of these faces f as, for elampfe»*the one wl^ich in the 
figure is marked P, because all the others are mere repe- 
^^ions pf t^is. li'hese observations suggest. the following 
ryles; ). The decrements whipfa se|; oi^t frpm t^e ^upe- 
irior angle A^ or the superior e4ge 'B,]w]]| faj^ve.t|ie figure 
indicating the number of raages piaffed i>elow A ajR^ 9* 
2. Those wjbich set gut frQfn the lateral anj^es £ Wi^ 
baye their $gures ,sit}iiat^d at the side;^nd J^Q^ards tlie 
jfcop of the sajme l^jtter. 3. With re|9|)ec.t ^|IiM>s'et F}^ic^ 
set out from the inferior angle e^i or frQn^.|he.;in^^ 
pdge P,. th<? figure wijl Ije placed .fibove the Uttq; c,pr P- 

Suisse, for exapnple, that Fig.. 68. PL YJU rfpr<e^||^ 
the variety of calcofepusspar called analogic by Havt, ita 

symbol will be c p B, . , . i. 

^r s .■'•-•-•.• vT" 

Wh^ ba9.1>een sai4 of (iie rhomboid is ^aspy. app]]i|d.. 
t<;^.the other primitive forms. But probably some illns- 
trations will be considered as necessary to make the sym- 
bdls applied to them the more readily understood* '"On 
' that acommt- we shall take a short review of ^adi of 
*he^- ■' *•" *- ^ '■ '•-■•■;'-•••* 

: . Kg. 



.£ig« 69« PI. VI. repfresents f he oetuhisdron with scalene 
4riaDg)es, Fig« 7L PL VI. the octfihedroii with isoseelef 
IriMigles, and Fig^ 70. PL VI. the regular octahedron. / 
In pkeing the figures which accompany the letters ia 
the symbols, the same rule is followed that was described 
withTespect to the'rhombcAd. Th^, in Fig. 70. PL VI/ 
>the ^ureb placed below the letter to rq^sent the der 
crements settmg out from the angle A or the edge B 4 
it is placed Awe for those which set out from ihe edge 
I>;iuiid at the Bide, for those which set out from the angle 
£. if we want to denote the result of a decrement by 
one range upon all the angles of the regular octahe- 

drQn, Fig. 71. PL Vt. we have only to write A* A*. To 

indicate the ;result of a decrement by one range on all the 
1 • » 

edges, we writ^ B B. The first of these decrements 

'''■-' "i' 

prb^upes ^ cube, the second a rhomboidal dodecahe* 
droii. 

In some species, as {n the nitrate of potash, the pri- 
mitive octahedron, the surface of which is composed of 
eight isosceles triangles, simUar 4 and 4 to each other, 
ought to have the position represented in Fig. 72. PL VI. 
that the secondary crystals may have the most natural at- 
titude; that is to say, that the edges which join, the two 
pyramids which compose the octahedron, ought to be two 
of them in a vertical direction, as F, and two in a hori« 
zontal, as B- By comparing Fig. 71. PL VI. with Fig. 
72. PL VI. in which the letters are placed as if all the 
angles and edges had different functions, it will be easy 
to conceive the distribution adopted in Fig. 71. PL VI. 
and brought to the symmetry of the true primitive form. 
For, in the present case, we have 1S=A, D=:C, G=:F. ' 

The 
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The figure dl«iioUiig t&« mimtier of ranges, win*^ be 
placed under the letter, to denote decrements proeeed- 
^ing from B. It will be placed at one side, or bdow, to 
^ttote those proceeding from A ; aecordlng as tlfefar ef- 
Jkci respeets Ae triangle AIA, of the tri^gle AIF. It 
WHI be placed dbo^ or below, for those wbieii proceed 
;^m C, act<Nrding «s th^r effect is prod^ cpd on the first 
aH^the second of these triangles* It will be placed «t one 
'diie for the decrements which prected from F. VkaSly, 
it will be placed above, below, or m either side, for the 
^Mvemeots that iH*oceed llrdm I, aooofding as their effect 
talMb place towards B or towards F« 

l!^ tetrahedron bein^ always rf^iilar^ when it be- 
c^Wi the primitire fprm* it will be es^pressed as in Fig. 
74. pit. VI. To indicate, for example, a decrement by 

three ranges on all the ed^es, we would write B B ; and 
to indicate a decrement by two ranges upon all the 
angles, we would write A 'A', as in the case of the re- 

• |[ular oct»bedron. 

A simple inspectioa of Fig. 75. PI. VI. i^ suf&cifQt to 
fiHike U3 understand the symbols in the case. of regular 
six-sided prisms. I'he fij;ures are written precisely in 
the manner already described for the fpur-3ided prism i 
to which, therefore, we refer the reader. But it happens 
sometimes that three of the splid angles taken fdternatehr 
l^e replaced by faces, wbOe the intermediate angles re-- 
maip untouched. In that case the prism is distinguished 
ns in Fig. 7a. PI. VII. 

In the rhon^^oidal dodecahedron, Fig. 77, PI. VII. each 
9pUd angle composed pf three planes may be assimjliited 
to # summit of the obtuse rhomboid, Hence, it is only 

neciessafy 



necessary to give letters im one iace» as mkj be stfetidn t 

the figure. 

/ Hitherto there has beeil ti(i occasion to use anj sym- 
bols for the dodecahedron with triangular faces, because 
it is more natural to substitute in place of 3t t^e rhom- 
boid ttom whidh it is derived, and which gives simpler 
laws of decrement. 

We hare stiU to eicplatn the method of ftprtsietiting # 
peculiar case, which sometimeii occurs in -some crystals, :. 
where the parts opposite to those wUoh undergo cer- 
tain decrements remain untouched, or are modified by 
different laws. This case belongs chiefly to the tourma- 
line, and it is easy to indicate its peculiarity by means of 
zeros. 

For example, in the variety of tourmaline represented 
in Pig. 79. PL VII. the primitive form of which is repre- 
sented in Fig. 78. Pi. VII. ; the prism, which is nine- 
^edy has sijt of its faoes, namely, s, 9^ Fig. 79. PI. VII. 
produced by the subtraction of one range upon the edges • 
D, B, Fig. 78. PI. VII. and the three others, such as l^ 
by the subtraction of two ranges on the three angles e. 
Pig. 78. PL VII. only. Farthier^ the inferiiM- summit has 
oiily three faces paraUe} t0 those of t^e mideui ; wMe", M 
the superior summit, tlie three edges B are r^fau;ied each 
by a face n, n, Fig. 79. PL VII. in conse(}uenoe of a de* 
erement which has not reached its limit. This crystal .it 

xmwaenled by die feUowftsg syiabol : D c h^F B i. Thf 

. 1 1.0 

s^ r p ji 

quantities B, h indicate, the one that the angles E, Vig. 78» 

I'l Vil« oppii&le to e undergo no decrement ; the other, 
that At ^ai^ j^iMfitl 10 B MMiii eqfually utttotidiedr 

If 



WSf £XT£BKAL CHARACi;£KSi . 

If these edges underwent a different ^law, which pf(f-^ 
duced, for example, an abstraction of two ranges, the. 

symbol would become D c E P B i. From this, it is^ 

1 a 

obvioiis, that it must be understood that the decremepts 
repre^nted by a capital letter accompanied by any fi- 
gure, do not implicitly include the similar decrements re- 
presented by a small letter of the same name, or the op- 
posite^ that is to say, that B does not implicitly include 

- a 
6, or vice wrsa^ except when the second letter does not 

enter into the symbol with a different iigure, or does not 
bear the same figure accompanied by a zero. ^In the first 
case, each .of the two letters indicates a decrement .which 
is peculiar to the edge or angle indicated by it. In the 
second case, the zero indicates that the angle or edge ta 
which it exclusively relates undergoes no decrement what- 

ever. Thus, ^ in the symbol D c £ P B &, B cxpres-* 

12 1 

*ises a decrement by one range, which takes place only btf. 
Che edges contiguous to the superior summit A, Fi^. 78. 

Pi. VII, ; b indicates a decrement by two ranges, which 

'■«•/. 

only takea f^ace on the edges eontigucrus to the inferi^ 

summit. The quantities t and E ought likewise to be 
considered independent of each other; the first indica- 
ting a decrement of two rmiges on the angles e o^nly, 
and the second iadicating that no decrement whatever 
takes place upon the angles £^ opposite to the prece- 
ding. . , 

Tiy foregoing observations have beenf given in consri- 
derable detail, in order' to put our readers completely io 
ppssesiion of ihjr method, and to enable them to make a 

figure 
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Agure of a secondaiy crystal, merely ifrom the lyihbol re- 
preseniiiig the laws of its formation. But to enable aAy 
person to read these symbols, and to understand them, 
mnch shorter directions wotild have sufSced. We shaU- 
stibgdim thtif following rtites, which will he siiflkient for 
that purpose, and whicK will serra as a kmd of epitonore' 
CKf the preceding observation^ ^ < 

i. Every vowel employed in the symbol of a (^ryst^I 
itidicateg a solid angle, marked with the same letter in 
the figure which f epreserits the nucleus'. Every consOx 
nant indicates the edge ^hicft has the sanie letter iki th^ 
figure. 

8. Each ^aWel and c6nsonant is accoihpaified hj a fi- 
giire, the value and position of which indicate the law 6t 
decrement which the cofrrespoftding • angle or edge un-^ 
dergoe^/ We niust except the three cdh8t)nahts P, M, T ? 
each of whidi, when it appears in the syfeibol rf a crys^ 
tal, indicates that the cry^al has faces parallel to those 
faces which have the same letters on the figufe of the nu- 
cleus. 

3. Each letter contained in the symbol 6f a crystal, il 
understood, with the figure belonging to it, to apply to 
all the angles or edges which have the same function as i( 
in the %ure, and is niarked with the satne letter. 

4. Every number joined to a letter indicates a decre- 
ment, setting out from -the angle or the edge denoted by 
that letter, if the number is a whole numiber, it indi- 
cates how many ranges in breadth are subtracted, sup- 
posing each plate to have only the thickness of otie mo- 
lecule. If the number is a fraction, the numerator in- 
dicates the number of ranges subtracted in breadth, and 
the denominator th^ number of raftgeiJ subtracted in 
height. 

Bb B. 
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. 6. Aocordijlg a» Ae number is placed below or above 
the letter whidi it aceotnpaaiesi it indicates that the de- 
cremfint descends or ascends, setting out from the angle 
or edge marked bj the letter. If it is placed towards^ 
the top, and eidier on the right <nr the left side of the let« 
tar, it indicates a decrement in a lateral direictton^ either 
to the right or to the left of the angle &t edge marked 
bjr the, letter. 

6. When aletjter is twice repeated, with the gaQie.ii<ni- 
ber placed on two different sides, as ^G G^ or G^ ^6, 
9 A A', or A^ ^A, the two edges, or the two anglea 
which it marks, ought to be considered on the figure iH 
the same relative positions ; that is to lay, for eswipi^, 
that in the isymbol «G G«, the quantity «G indicate? the 
effect of decrement on the edge G situated at the left, and 
the qoantity G^ the effect of decrsm^fltt upon the edge 
situated at the right. 

7. When a letter has tht same number both on the 
left aiid the right side, ^s ^G^, it applies equally to all 
the edges G. The same thing holds with the letters 
which belong tor the angles. 

8. The parenthesis, as for example (OP»F*), indi- 

cates an intermediate decrement. The letter U indicates, 
in the fiiiit place, that the decrement takes place by three 
ranges on the angle O, and that its effect is ascending, 
D^ F^ indicate, that for one molecule subtracted idong 
' the edge D, there are two molecules subtracted alon|[ the 
edgeF. 

9. Every small letter occurring in the symbol of a crys- 
tal, indicates the angle or the edge diametrically oppo- 
site, to that which has, the capital letter (rf* the same 
name in the figure, where the small letter is omitted as 

superfluoua. 
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tuperfltfOtts. We ratttt except the letter c, which is al- 
ways employed in the rhooiboid/and which indicates, ac- 
cording to the piiiicipley the angle opposite* to. that which 
bears the lettor £. -^ 

IQ. When a symbol contains two letters of the same 
name, the one large the other small, with different nam* 
bers attached to them, the two opposite edges or angles to 
which these letters belong, are conceived to undergo each 
exclusively the law of decrement ixdicated by the number 
attached to the letter. 

IL .Every letter, whether large or spaall, marked b;^ a 
number having a zero following it, indicates that the de- 
crement denoted by that number does not take place on 
the particular edge or ai^gle denoted by the letter. 

'7. The Nomtndature.ofCfyttaU. 

In the Wemerian Crystallography, the different regu- 
lar forms in general are expressed by short descriptions. 
Hauy, on the contrary, has attempted to designate them 
by names takeb from the characters of the forms them* 
selves, or from the properties that result from their struc- 
ture, and from the laws bf decrement on which they de- 
pend. In this manner he constructed the following ^O', 
menclature. 

I. Primitive Forms. 

When 8 crysiafluation has the same figure as the pri- 
nutive nucleus, and is therefore a primitive form, Hauy 
designates it by prefixing to the name of the mineral the 
word primitive ; for example. Primitive Zircon, Primitive 
CalcaremMpar, Primitive Iron^pyrites. 

' IL 
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These may be considered under the following points of 
liriew. 

1. In r^Ia^iop to ijie modifications which the primi- 

tive forpi e3{:hibits when its planes are associated 
with those Qriginatinjg; from the laws of decre- 
ment. 

2. Secondary forms, considered as purely geometrical 

forms. 
8. In relation to certain planes or edges which are 
remarkable on accQunt of their arrangement or 
position. 

4. In relation to the laws of decrement on which they 

depend. 

5. In relation to their geometrical properties. 

p. Lastly, In relation to certain particular accidental 
circumstances. 

)• Secondary forms, considered in rdcUion to tlie modifica' 
tions which the primitive form exhibits^ when its planes 
dre associated with those resulting from the law9 rf^r, 
^rement, * 

A 'crystal is named 
a. Pyramidated (pyramidi)j when the primitive form 
is a prism, and has a pyramid on each extremi- 
ty, with as many planes as the pii^m has lateral 
planes. Example, Pyramidated apatite, (cl^aux 
phosphat^e pyramidie,) Ffg. 130. J^siem pfMi-^ 
neralogy *. 

fe. Prismuted 



*T^ 



* Sjstem of Minendogy, edition 181$. 
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h. Prumatei (|iristn6) when the primitive form is 
composed of two pyramids joined base to base, 
and the pyramids separated by a prbm. Ex- 
amples, Prismated zircon (aircon prism^) Fig. 3. 
Siftt. Min, and Prbmated quartz (quartz prisme) 
Fig. 66. SyiL Min. 

c. Semi-priamated (semi prisme) when only the half 

of the edges on the common basis are obliterated 
by lateral planes. Examples, Semi- prismated sul- 
phat of lead (plomb sulphate semi-prism^,) 
Fig. 241. Syfit. Min. It is an elongated double 
foor-sided pyramid, in which the two opposite 
edges of the common basis are truncated. 

d. Bditd (bas6,) wh^i the primitive form is either a 

double pyramid, or a rhomboid, in which the 
.summits are intercepted by planes perpendicular 
to the axis, and which take the place of termi- 
nal planes. Example, Based sulphur (soufre 
bas6,) Fig. 150. Sg8t. Min. It is a double 
four-sided pyramid, truncated on the extremi- 
ties. 

e. EpoinU f , when all the solid angles of the primi- 

tive form are obliterated by single planes.. 
Example, Radiated zeolite (mesotype epoint^). 
lit is a four-sided prism, djeeply truncated on all 
the aag^s ; or, according to Weriter, a four- 
sided prism, acuminated on the extremities with 
four planes, the acuminating planes set on the 
lateral edges, and bbtb the acuminaticms ^gain 
truncated. Tbe terms bis-epointit trt^epointS, 
^uadri-epointif are used to express the angles- 
being 

* I here use tixe French 'word epoinU, not fteoUecting anj apptoptiiXt 
EngliBh term* 
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being inlercepled by two, three or four piMies. 
Examples : 

Jnakinu truepmnU Fig, 79. PL VI. which is 
a cube acuminated on all the angles with 
three planes. 
Fer sulphur^ quadri'tpmnU : which is a cube 
acuminated on . all the angles, with three 
planes and the summits of the «cuminaUons 
truncated. 

f. Emarginaied^ (emargin^e), when, every •edge of the 

primitiTo form» is intercepted bj st plane or facet. 
Ejomple, Emarginated garnet (grenatomargin^,) 
Vig.i^ Sjf9t. Mm. Itiatheganietdodeeahedron, 
truncated on all the edges. When each edge is 
intercepted bj two. or thvee small planes^ the 
terms it-cfMo^ginalcd {bis'emargin6)^and hi-tmar- 

. ginaied (tri-emargine,) are used. Example, Tri- 
emarginated garnet (greniit tri-emargin^,) which 

. is the rhomboldal dodecahedron berelled on all 
the edges, . and the bey elling ed^ ' truncated. 

g. Peti-kexahedrtd, peri-octahedralf ptri'^uahedrdlj 

and' perudodecakedral, when the primitive four- 
sid^ prism is changed by means of decrements 
intoa six, eighty ten or twelve 4idec| prism. Crys- 
tals in which the primitive, form is a regular six- 
sided prism,, are also named .peri^daiicahedral, 
rwhai the six lateral edges are trqncated. Ex- 
: an^iles, Peri^hexahedral blue vitriol or sulphat 
, of copper, FLlxxii. Fig. 104. Hauy *, which 

is 

; " Tie Figures here refeired to are tboee in Hauit** Sjrstem of Minom* 
logy. 
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is an oblique four-sided prism, truncated on the 
obtuse lateral edges: Peri-octahedral blue vi-i 
triol or sulphat of copper, PI. Ixxii. Fig. 105. 
Hauy, which is an oblique four-sided prism 
truncated on all the lateral edges: Peri decahe- 
dral blue vitriol or sulphat of copper, PI. Ixxii. 
Fig. 1Q& Hauy; the prism trun<:ated on the 
obtuse lateral edges, and be?elled on the acute 
lateral edges: Aiid peri-dodecabedral eaaerald. 
Fig. 36, Syst. Min. which is a six-sided prism 
truncaled on all the lateral edges. 

h. Skwrkned (raccburci,) when the primitive form is 
a prism, whose bases are rhombs, in which the 
lateral edges, cbntigiious to the grieat diagonal 
are jintercepied hj two planes, so that the primi- 
tive form BpptATB to be shortened in the direc- 
tion of its length. Example, Shortened hea^^- 
spar, (ba^yte siilphatee raccourcie>) PL xxxv. 
Fig. 111. Havy. It is an oblique four sided 
table, very deeply truncated on the acute termi- 
nal edges; or, according to' Werhsr, a longish 
six-sided table. ; 

\. Narrowed^ (ret)recl,) when the primitive form is a 
prism, whose bases .are rhombs, and in which the 
lateral edgei contiguous to the small diagonal 
are intercepted bj two [danes, so that the primi- 
tive form appean to be diminished is the direc- 
tion of its breadth. Example, Narrowed heavy- 
spar, (baryta sulphate retiecie,) Fig. 142. Sytt. 
Miik which is an oUique four-sided taUe, deep- 
ly truncated onfShe obtuse terminal edges, 

'2. Secondary 
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2. Secondary Fcrnm^ comidered in ihenuehes as being pure- 
ly Gecmetrical Forms. 

A Crystal is said to be 

a. Cubical^ (cubique,) when it it has the form of the 

cube, but which in this case is always secondary. 
Example, Cuboidal fluor-spar. 

b. Cuboidal f (cuboide,) wben the form varies very 

little from that of the cube, and is very slightly 
oblique. Example, Cuboidal calcareous -spar, 
(chaux carboaat^a cuboide), Fl. xxfii. Fig. 7. 
Haot. 

c. T^trakedriUf (tetraedre,) wben the crystal, has the 

regular tetrahedron as a secondaiy form. Ex< 
anqile, Tetrahedral blende^ (zinc sulphure te* 
toiedre). . 

d. Octahedral^ (octaedre,) when it has the octahedron 

as a secondary form. Example, '■ Octahedral 
rock-sah. ' 

e. Prismatic^ (prismatiqae,) wben it has the shape of 

a straight or an oblique prism, in which the late- 
ral planes are indined to each other, under 
angles of 130^. Example, Prismatic calcareous- 
s|>ar, (chaax carbonat6e prismiUique, PI. xxiv. 
Fig. 14. Hauy,) and prismatic fdspsir, (feldspath 
.prtsmatique,> Fig. 92. SysU Min. 
f.Dodecahedralf (dodec&edref) when its surface con* 
. sists of twelve three-sided> four«sidedy or five- 
sided planes, all of which are either eqiial and si- 
milar; or differ only H having two kinds of 
angles. Exapapies, 

a. With 
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a. With twelve three-sided planes, "(the double 

six-sided pyramid,) yiz. Rock-crystal, Fig. 67. 

b. With twelve rhomboidal or four-sided plaoes, as 

in the garnet dodecahedron. Example, Do- 
decahedral garnet. Fig. 66. Syat. Min. 

c. With four six sided and eight four-sided planes, 
- which is the four-sided prism acuminated on 

both extremities, with four planes, which are 
set on the lateral edges. Example, Dodeca« 
hedral hyacinth. Fig/ 6. Syst. Min. 

d. With twelve five-sided planes ; the dodecahe* 

dron of Werner. Example, Dodecahedral 
common iron- pyrites. Fig. 186. Syst. Min. 
g, IcosohedraU (icosahedre,) when iH surface consists 
ckT twenty triangles, of which twelve are isosceles^ 
and eight equilateral. Example^ Icosahedral 
. common iron-pyrites. Fig. 192. SysUMin. 
h Trapezoidal^ when Its surface consists of twenty- 
four equal and similar trapeziumsj it is the 
double eight-sided pyramid, acuminated on both 
. extremities with four planes, which are set on 
th^ alternate lateral edges.. Example, Trapezoi- 
dal garnet (grenat trapezoidal). Fig. 5.7. Syst. 
Min. 
u Tria-contrahedral (tria contra^dre), when its surface 
consists of thirty rhombs; it is the cube, in 
which each angle is so deeply acuminated with 
three planes, which are set on the lateral edges, 
. that the lateral planes, and also the acuminating 
planes, appear as rhombs. Example, Tri-contra- 
C c hedral 
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hedral common iron-pyrites, (fcr sulphore tri- 
contraedre). Fig. 194. Syst. Min. 

h. Enneacontrahedral (enn6aeontra^dre), wben its sur- 
face consists of ninety faces. Example; Ennea- 
contrahedral vesuvian (idocraseeniieacontra^dre), 
PI. xlvii. Fig. 74. Haut. 

I. Burhomboidalj when its surface consists of twelve 
planes, which being taken six and six, uid con- 
ceived to be elongated until they intersect, afford 
two different rhomboids : it is, according to the 
Wemerian view, an acute double three-sided py- 
ramid, in which the lateral planes of the one are 
set on the lateral edges of the other, and acumi- 
nated on both extremities by three planes, which 
are set on the lateral edges. Example, Bi- 
rhomboidal calcareous-spar, (cfaaux carbonatee 
bi-rhomboidal), PL xxiv. Fig. 13. ' Hauy. 
We say in the same sense trurhnmbotdal ; this, in 
the Wemerian Crystallography,' Is a double siac- 
sided pyramid, with alternately^ broad and nar«» 
row lateral planes, in^ which the broad planes^ of 
the one are so set on the narrow planes of the 
other ; the planer pass beyond the common base, 
and the pyramid is acuminated on the extremities 
with three planes, which are set, on the smaller 
lateral planes. Example, Tri-rhomboidal calca- 
reous-spar, (chaux carbonatee tri-rhomboidal). 
PI. XXV. Fig. 27. Hauy. 

m. Buform^ tri-form (bi-forme, tii-forme), when it 
contains a combination of two or three remark- 
able forms, such as the cube, the rhomboid, the 
octahedron, the regular six-sided prism, &c. 

Example, 
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Example^ Triform alum (alumine sulphatee tru 
forme) Pi. xxxix. Fig. 162. Haut. It is a 
dotible four-sided pyramid, deeply truncated on 
all the edges and angles, in which, the truncating 
planes on the edges originate from the garnet 
dodeeahedron, the truncations on the angles from 
the cube, aj^d ^he lateral planes from the octahe- 
dron. ' 

«. Cubo-octokedral^ cubo'dodeoahcdralf cuho tetrahedralj 
when it contains a combination of the two forms 
indicated by these terms. Examples^ Cubo^octa- 
^^ hedral fluor-spar, which is the middle crystal be- 
tween the cube and the octahedron in fkior-spar, 
Fig. 135. Si/si, Min. Cubo-dodecadiedral com- 
mon iron-pyrites, Fig. 185. SysL ^tn. And 
the cubo<tetrahedral grey copper^ore, which is a 
sknple thr^e- sided pyramid, deeply trun<;ated on 
all the edges, as Fig. 164. Syst. Min: 

«. Traptzian^ when its lateral surfaces jconsist of tra- 
pezia, which lie in two row^, between two bases, 
as in tirapezian heavy-spar (baryte splphat^e tra- 
pezicnnej. Fig. 140(. Si/at. Min, It is a rect- 
angular four- sided table, beveUed on the extre- 
mities, where the bevelling planes are trape- 
ziums* 

p. Di'tetrahe^al, that is to say, twice tetrahedral, 
when it represents a four-sided prism, bevtUed 
on the extremities. Example, Di-tetrahedral 
tremolite, (grammatite di-tctraedre), PI. Ixx. 
Fig. 214. Hacy. 

^. Di-hexahtdral (di-hexaedre), when it is a six-sided 
pri3m, having three planes on the extremities. 

Example, 
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Example, Di-hexahedral felspar (feldspath di- 
faexaedre). Fig. 96. SysU Min. which is a brodd 
six sided prism, beTelled on the extremities, the 
bevelling planes set on two opposite lateral edges, 
^nd on each of the extremities, one oT the angles, 
formed by the meeting of the bevelling planes 
with the lateral edges, and on which they are set, 
truncated. 
In the same sense we say, duoctahedral, dudecahedraU 
and di'dodecahedraL Example, Dt- octahedral 
topaz. Fig. 30. Syst Mm. ; di-decahedral fel- 
spar; di-dodecahedral asparagus-stone. Fig. llSl. 
Sysi. Min. which is a six-sided prism, truncate4 
on the lateral edges, and acuminated on the ex- 
tremities with six planes. 
' r. Tri-hexahedral, tetrahexahedraly penta^hexahedral 
and hepta-hexahedralf (tri-hexaedre, tetra-hex- 
aedre, penta hexaedre, heptahexaedre), when its 
surface ct^nsists of three, four, five, or seven ran- 
ges of planes, disposed six and six above each 
other. Examples, Tri-hexahed'ral nitrate of pot«* 
ash, PI. xxxviii. Fig. 142. Hauy ; which is 9 
$ix-sided prism, acuminated pn both extremities 
with six planes: penta-hexahedral amethyst. 
Fig. 65. Syst. Min, which is a six-sided prism, a- 
cuminated or both extremities with six planes, 
which ^re s^t on the lateral planes, and the edges 
between the acuminating and lateral planes trun- 
cated: hepta-hexahedral artificial nitrate of pot- 
ash, PL xxxviii. Fig. 144. Ha.uy, which is a six- 
^ided prism, acuminated on both extremities with 
fix planes, which are set on the latf ral planes, 
^^ * and 
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and the edges between the acuminating and late- 
ral planes bevelled. 

In the same sense we use the terms tri-octahedral, 
trudodecahedral ; thus, tri- octahedral stilphat 
of lead, PL Ixx. Fig. 76. Hauy, which is a 
four.«ided pyramid, very much elongated, the 
edges of the common base truncated, the angles 
on it very deeply bevelled, the bevelling planes 
set on the lateral edges, and the bevelling edges 
again deeply truncated, so that the crystal, view- 
ed in this way, consists of three rows of planes, 
of which each row contaiAs eight planes : it 
may be more conveniently described as an oblique 
four-sided prism : Tridodecabedral red silver- 
ore, PI. Ixv. Fig. 19. Hauv. It is a six-sided 
prism, acuminated on the extremities with three 
planes, and truncated on all the edges. 

^. Bt' geminated (bi- gamine), when it exhibits a com- 
bination of four forms, which, taken two and 
two, are of the same species, such as the bi-gemi- 
nited calcareous-spar (cbaux carbonatee bi-g6- 
minee), PI. xxvii. Fig. 49. Hauy ; wliich is 
an acute double six-sided pyramid, in which ihe 
lateral planes of the one are set obliquely on the 
lateral planes of the other, the angles on the 
common base truncated, and flatly acuminated 
on the extremities with three planes, which are 
• set on the alternate lateral edges in an uncon- 
formable manner, and the edges which the acu- 
minating planes make with the lateral planes 
t;*uncated. It is a combination of two rhomboids 
and two dodecahedrons. 

i* Ampki^ 
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t. Amphi'hexakedral (amphi-hexaedfe), that is to saj, 
hexahedral in two senses, because bj viewing 
the planes in two different directions, we obtain 
two six-sided surfaces, such as the amphi-bexa- 
hedral axinite (axinite ampbi-hexaedre), PI. li. 
Fig. 107. Haut, which is a rhomboid truncated in 
two opposite acute lateral edges, and also trunca- 
ted on two of the diagonally opposite edges form- 
ed by the meeting of these truncating planes with 
the laterid planes. 
II. Sex-decimal (sex- decimal), when the planes that 
belong to the prism or the middle part of it, and 
those which belong to the two summits, are the 
ouf six, and the other ten in number or vice 
vevMa, Example,, sex- decimal felspar, PL xlix. 
Fig. 86. Ha^uy, which is a six-sided prism, with 
five alterating plaoies on each extremity. 
In tiie same manner, we say, octo^demmal^ aex-duotkdmal^ 
octo-^duodednufly and deci-duodeeimal. Examples, 
Octo-decimal artlBcial blue vitriol, PL IxxiiL 
Fig. 109, Hacv,. which is an oblique four sided 
prism> deeply truncated on the obtuse lateral 
edges, slightly truncated on the acute lateral 
edges, bevelled in the two diagonally opposite 
edges formed by the acuter lateral edges with the 
terminal planes, and truncated on the other two i 
Octo^-duodecimal artificial blue vitriol, PL Ixxiit. 
Fig. 113. Haut; the preceding crystallisation, 
in which the edges between one bevelling plane 
and the terminal plane are again bevelled, so 
that there are on this place fi^re small altering 
planes: Sex-duodqcimal calcareous spar, PL xxv. 

Fig. 23. 
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Fig. 82. Hauy ; which is a very acute double six- 
sided pyramid, with unconformaUie alternately 
obtase and acute lateral edges, the lateral planes 
of the one set obliquely on the lateral planes of 
the other, and acuminated on both extremities 
with three planes, which are sat on the acuter la- 
teral edges : Deci-duodecimal felspar, Fig. 97. 

*. Perupolygonal (peri-polygone), when the prism ha» 
a ^eat number of lateral planes, such as the pe- 
ri-polygonal tourmaline, PI. liii. Fig. 127. Hauy ; 
which is a three-sided prism, bevelled on the la- 
teral edges, the bevelling edges truncated, and 
the twelve edges formed in this way again trun* 
cated. 

y. Polysynthetk (surcompod^,) when the form is very 
complicated, as in the polysynthetic tourmaline 
(tourmaline surcompos^), PI. liii. Fig. 126. 
Hauy; which is a three sided prism, bevelled 
on the terminal edges, the bevelling edges trun- 
cated ; and acuminated on the one extremity 
with three planes, on the other with six different 
kinds of planes, which together amount to nine- 
teen. 

2t Anit-enneakedral (antienneaedrie), whei) there are 
nine planes on. the two opposite extremities of 
the crystal. This name belongs to A variety of 
tourmaline. Fig. 42. SysL Mm. in which there 
are nine alternating planes on each extremity, and 
the prism has twelve sides, in place of nine, the 
usual number. 

a a Prosennedhedrat 



^ 
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A a. Prosentuahedral (prosenneaedre) ; that is to saff 
having nine faces on two adjacent parts, as in 
the prosenneahedral tourmaline^ Fig. 41. Syst. 
Min.; in which the prism has nine sides, and 
one of the extren^ities nine planes, and the other 
only threes 

h h. Recurrent (.recurrent), if, oA redkqning the planes 
of the crystal in circular ranges from one end to 
the other, we have two numbers that succeed 
each other several times| as 4, 8, 4, 8^ 4, as in re- 
current tinstone (etain oxyde recurrent). Fig. 252. 
Syst. Min. which may be described ^s a rectan. 
gular four-sided prism, acuminated on the extre-, 
mities with four planes, which aire set on the la- 
teral edges, and the eight edges formed by th^ 
acuminating and lateral planes truncated. 

c'C. Equidifferent (equidifferant), when the numbers 
which designate the faces of the prism, and those 
of the two extremities, which in this case differ 
from each other, form the beginning of an arith- 
metical progression, as 6, 4, 2. Example, £qui- 
different basaltic hornblende. Fig. 110. SysL 
Min. ; which is a six sided prism, acuminated on 
V. ©ne extremity with four planes, on the other be- 
velled. 

dd. Convergent (convergent), when in the preceding 
case the series converges rapidly, as IS, 9, 3. Ex- 
ample, Converging tourmaline, PL lii. Fig, 124. 
Hauy ; which is a nine-sided prism, having fif- 
teen . planes, on the one extremity, and on the 
other only thre^« 

ee Unequal 
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t e. Unequal (impair), when the nombers which desig- 
nate the planes of the pnsniy and the planes of 
the two summits^ which are sensibly different 
from each other, are all three unequal, without 
forming a progression. Example, Unequal tour- 
maline (tourmaline impadr). Fig. 44*. Syat. Min. 
which is a nine-sided prism, having seven alte- 
rating planes on the on^ extremity, and three on 
the other. 

//. Hi/per-oxide (hyper- o»yde) ; that is to say, un- 
commonly acute, as in the variety of calcareous- 
spar, which consists of two rhomboids, of which 
the one is acute and inverted, and the other much 
more acute, PI. xxv. Fig. 30, Haot. 

gg. Spheroidal (spheroidal), when its surface con* 
sists of forty*eight convex faces, as in the dia« 
mond. . 

// L Plano-convex (piano- con vexe), )vhen the faces are 
partly straight and partly uneven, as io the dia* 
mond. 



3. Secondary Forms con^sidered in relation to certain 
Planes or certain Edges^ which are remarkable for 
their arrangement or position, 

A Crystal is said to be 
a^ Alternate^ (altern^), when it has upon its upper and 
under parts, faces thait alternate with each other, 
bul which correspond on both sides. Example, 
Alternate rock-crystal (quartz alterne), which is 
a six sided prism, acuminated on both extremi- 
Dd ties 
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ties with six planes, which are alternately small 
and large, and conformable. 

h* SisaUemate (bisalterne), when, as in the preceding 
instance, an alternation takes place, not onlj 
^mong the faces of one and the same part, but 
also among those of the two parts. Exam- 
ples, BIsalternate rock-crystal (quartz bisalterne), 
which is the preceding figure, but in which the 
larger and smaller acuminating planes alternate 
in an unconformable manner ; Bisalternate cal- 
fcareous-spar (chaux carbonatee bisalterne, PI. 
XXV. Fig. 23. Hauy), which is an acute double 
six-sided pyramid, with unconformable and al- 
ternate obtuse and acute lateral edges, the late- 
ral planes of the one set obliquely on the lateral 
planes of th6 other, so that the edge of the com- 
' mon basis forms a zigzag line; deeply truncated 
on the angles of the common base, and in such 
a manner, that^he acute angles of the trapezoidal 
truncating planes, rest on the alternate acute la- 
teral edges^ and Consequently are alternately 
turned towards the upper and under extremity 
' of the pyramid. 

^. Bibtsaltemaie (bibisalterne), when there are two, 
rows of bisalternate planes on each side, as ii^ 
the bibisaltemat^ cinnabar, PI. Ixv. Fig. 28. 
Hauy. 

if Annular or ring-shaped (annulaire), when a six- 
sided prism has six marginal faces or facets^ 
disposed in a circular manner around each 
base. Examples, Annular emerald (emeraude 
annulaire). Fig. 38« SysL Min. ; annular tinstone 
(etain oxyde annulaire), which is a four sided 
prism^ truncated on all the edges and angles. 
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90 that it appears like an eight- sided prism 
truncated on the terminal edges. 

t. Mom^tie (monostique), when a prism, with a de- 
terminate number of lateral planes, has a row of 
facets around each base, differing in number 
from those of the lateral planes, and all of which 
itiay be either on the terminal edges, or some on 
the terminal edges^ and others on the angles. 
Exaitiple, Monostlc topaz (topaz monostique)> 
S'ig*. 81. Syst. Min. which is a slightly oblique 
eight sided prkm, in which two aiid two lateral 
planes m«et under very obtuse angles -, slightly . 
Irunctited on the four terminal edges, formed by 
these lateral pieties, and deeply truncated on tho 
acute angles. 

jT. Dutic (distique)^ when in a simitai' prism to the 
preceding, two rows of facets are arranged around 
r each base. Example, Distic topaz (topaz dis- 
tique,) PI. xliy. fig. 41. Haot, which is the pre- 
iceding eight sided prism^ in which the terminal 
edges, in place of being truncated, are beyelled, 
and the angles which the truncating planes of the 
acuter angles make with the acuter edges^ also 
slightly truncated. 

g. SuBdistic (subdistique), when among the facets 
which are disposed in the same row around each 
base, there are two surmounted by a new facet, 
which h as it were the rudiment of a second 
row. Example, Subdistic crysolite, (chrysolith 
subdistique), Fig. 121. *Sy«/. Aftn, which is a very 
broad four- sided prism, acuminated on both ex- 
tremities with four planes, which are set on the 
lateral planes; the apes of tfa^ acuminatiott 

which 
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which termiiiates in a line, truncated ; idso the la- 
teral and acuminating edges, and the edges be- 
tween the small acuminating planes, and the 
truncating planes of the acumination. 

b. Plagihedral or diagonal planed (plagiedre), when it 
has facets which are situated obliquelj. Exam- 
ples, Plagihedral or diagonal planed roek*crystal, 
(quartz plagiedre). Fig. 69. Syst. Mm. which is 
a six-sided prism, acuminated on both extremi- 
ties with six planes, which are set on the lateral 
^ planes, truncated on all the angles, and the tra- 
pezoidal truncating planes ^et on obliquely. 

u Unaymmetrical (dissimilaire), when two ranges of 
facets situated one above another, On each extre- 
mity, exhibit a want qf symmetry. Example, 
TJnsymmetrical topaz' (topaze dissimilaire),. PI. 
XLiv. Fig. if2, Hauy, which is the distic topaz, 
with this difference, that the second slight trun- 
cations of the angles are wanting ; but in place of 
them the edges formed by the meeting of the 
larger truncating planes of the acute angles with 
the bevelling pknes, are slightly truncated. 

k^ JEncadrS or framed^ when it has facets which form 
kinds of frames or squares around the planes of 
a more simple form already existing in the same 
species. Example, Framed or squared fluor-spar 
(chaux fluatee encadre). Fig. 138. Sy^t. Min. 
which ^is a cube truncated or bevelled on all its 
edges. 

/. Blunt edged (preminule), when its edges are very 
obtuse. Example, Blunt-edged selenite (chaux 
sulphate prominule), PI. xxxiv Fig, 99. Hauy ; 
which is a twin-crystal, under the form of an 

eight 
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eight-sided prism, acuminated with foiir planes, 
but of which two and two meet under such obtuse 
angles, that the edges are scarcely discernible, 
and the acumination has the appearance of a mertf 
beveknent. 

Zmed (zonaire), when a row of facets is arranged 
around the middle part, thus forming a kind of 
zone or girdle. Example, Zoned calciareous-spar 
(ebaux carbonatee zonaire), PL xxvi. Fig, 39. 
Hauy, which is an acute double three-sided py- 
ramid, in which the lateral planes of the one are 
set on the lateral edges of the other; the edge of 
the common basis truncated, and the angles of 
the basis bevelled* 

Jpophanous (apophan^), when certain faces or 
edges offer some indications which assist us in 
determining the position of the primitive nucleus, 
which otherwise would be detected with difficul- 
ty, or eveif for determining either the direction 
or the measure of the decremeints. Examples, 
Apophanous felspar (feldspath apophiHi6), PL 
XLix. Fig. 89. which is the didecahedral variety 
of felspar, without the truncation. on the angles 
between the bevelling planes and the lateral edges, 
but truncated on the edges of the bevelment. 
These lost-mentioned truncating planes are in-, 
clined to one of the bevelling planes under a less 
angle, than to the other, which leads to the re- 
mark, that the first bevelling plane belongs to 
the primitive nucleus, which otherwise would 
have been difficult to determine, on account of 
the nearly equal inclination of the two bevelling* 
planes: Apophanous fed silver ore (argent an- 

timonie 
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timoniif sulphure apophane), PI. Ixiv. Fig. 13. 
Hauy, which is a yerj acute double six-sided 
pyramid, with unconformable alternating obtuse 
and acute lateral edges; the lateral planes of the 
one set obliquely on the lateral planes of the 
o^er, and flatly acuminated on the extremities 
with six planes .which are set on the lateral 
planes. The edge of the common base, and the 
acuminating edges, correspond to the edges of 
. the primitive rhomboid, by which the structure 
IS revealed to the eye. Apophanous grey copper- 
ore (cuivre gris apophan6), PL Ixxv. Fig. 85. 
which is a simple three-sided pyramid, bevelled 
on all the edges, and acuminated on all the 
angles with three planes, which are set on th^ la^ 
teral planes: The bevelling and acuminating 
planes point out the decrements. 

m. Blunitd (emousse), when it has facets which trun- 
cate certain parts of the crystal, which otherwise 
would be more promiiient than the others. Ex- 
amples, Blunted calcareous-spar (chaux carbona- 
te emouss^), PL xxvi. Fig. 40. whidi is the bis- 
alternate variety of calcareous-spar, truncated on 
the acuter edges, by which the aciite angle of the 
truncating planes on the angles of tfie commott 
base is obliterated. Blunted axlnite, PL li. Fig. 
111. Hauy^ which is the amphi-hexahedral va- 
riety of axinite, in which the two diagonally op- 
posite edges, which the truncating planes of the 
acute edges form with tlie lateral plane, are be- 
velled. 

n. Contracted (contracte), the name given to a dode- 
cabedral variety of cakareous-spar^ PL xxiv. 

Fig. 
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Fig 20. Hauy, m which the base of the ex- 
treme p^tagons experience a kind of contract 
tion, in consequence of the inclination of the la- 
teral planes. It is a aix-sided prism, flatly acu- 
minated on the ei^tremities, with three planes, 
which are set on the alternate lateral planes in 
an unoonformable manner. The lateral planes 
towards the ends of the crjstal, where thej are 
without aqun^ijiating planes and alternating, are 
. broader, apd son^ewhat inclined towards each 
other, and the acuminating planes are thereby 
somewhat diminished in size. 

o. Dilated (dilate), the name given to a variety of 
dodecahedral calcareou^spar, PI. xxiv..Fig. 21. 
Hauy, in ivhich the bases of the extreme penta- 
. gons are in some degree enlarge4«by the inclina* 
tion of th^ lateral planes* It is the preceding 
figure in which the lateral planes at the ends 
where the acuminating planes rest upon them, 
are broader, and incline together, by which the 
acuminating planes are shortened. 

p. Acute-angular (acutangl6), the name given to a pris- 
matic variety of calcareous-spar, PI. xxvi. Fig. 32. 
Hauy, in which the angles are replaced by facets 
which form very acute triangles. It is a six-sided 
prism, truncated on the angles; the truncating 
planes extend far down on the lateral edges, and 
are there very acute. 

f . Imperfectly facetted or defective (defective), the name 
given to a variety of boracite, in which four of 
the angles of the primitive form are obliterated 
by facets, whilst the opposite angles remain un- 
^onched^ so that thei|:e arises a certain degree of 

impeifection. 
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imperfection, PL- ;cxxiii« Fig. 92. Hauy, whiA 
is a cube deeply truncaled oq all the edges^ aind 
on tlie alternate angles, 
r. Superahundant (superabondante), the name given to 
another variety of boracite, where there are four 
facets, IB place of each of the angles which were 
untouched in the former figure, so that there is a 
kind of superabundance in place of a deficiency, 
PL xxxiii. Fig. 93. Hauy. It is a cube deeply 
truncated on all the edges, feebly truncated on 
the alfernate angles, but the other four angles 
are acuminated with three narrow planes, which 
are set on the lateral planes, and the apices of 
the acumination are again truncated. 

4. Stcondafy formSf considered in relation to the Laws of 
Decrement from which thy originate. 

A crystal is named 

a. Unitary (unitaire), when it experiences pnly a 

single decrement by one row. For example, the 
very acute double sijc-sided pyramid of sapphire. 
Fig. 25. Syst. Min, If there arc three or four 
decrements by one row* we say, hisunitary^ triuni* 
tarj/, quadriunitary. Examples, Bisunitary cal- 
careous-spar, PI. xxiv. Fig. 17. Hauy; Triuni- 
tary (triunitaire) chrysolite. Fig. Udt SysU 
Min, 

b. Binary (binaire), bibinary (bibinaire), tribinary 

(tribinaire), &c. when it experiences one, two,^ 
or three decrements by two rows. Examples, 
Binary calcareous-spar, PL xxiv. Fig. 11 . Haut, 
Bibinary calcareous-spar, PL xxv. Fig. 26- Hauy, 

c. Ternary^ 
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'PenfLory (termire), [Biimmary (bilernair^,) :&c. 
Xfhen 'it experiences one, tiro or. ibrtfe decre- 
meata by tiiree roy^s.^ .: : . . . 

Utdbinary (tinibinaire), when two decrements oc- 
cur, the one by one row, and the other by two 
rows. Untiernary (unitemaire), when there is 
one by otte row, ihe other by three rows. jBtito- 
ternary (bifioterftiiire)i When there is oflfe by two, 
and the other by thre^ rows. £xatil]^fl(, Uniter- 
Hary Calcareous-spar, and Binoternary calcare- 

The nomehclatiire hi aU t^ie p^edoding ahd follow- 
ing expressions ha$ no. reter^ice to the plkne^ 
whith are ptoallel wilfa ;thbse of the primitive 
Bucl^as, which exi^t most iri^quentlyrin the se- 
condary crystal. Among th6 forms in which the 
nucleus is enfirely concealed!; some have names 
borrowed from differeqt considerations; and 
those which remain are so few in number, ^that 
Hauy thougtit it unnecessary to complicate th^ 
langtiage, hy empio(^ing a |)artic^lar d^ignation 
for them. ' In order to avoid confoiinfling toge- 
ther those words that express the decremlents 
^iih thosfe that indicate the dnmbttr of planes ^ 
the form:er have their termination mhedtal^ as 
dodecahedral, or ia al^ as octagonal, whereas the' 
6t|iers end in dry. 

Equivalent (equivalent), when the exponent which 
expresses one' decrement, is equal to the sum of 
the exponehts of the other decrements. 
Example, Equivalent calcareous^spar, 

I B A . . 

i'-j PI. lexv. Fig. 28. Hauy,. 

cgO s 

fee f . Subtraciivt 
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f. SnStradive (souBtradST), ^hen th)e expooetit in r^ 
lation to oHe decrement is less bj one than the 
sum of those that indicate the others. Example, 

Subtractire calcareous-sptur, e DB, PL xxvi. f.37, 

ert* 
g^ Aidkive (additif)* when the expcment of the one de- 
crement is greater hj one than the sum of the ex- 
ponents of the others. Example, Additive straight 

lamellar heavy.spar,jj ^ , d o P 

PL xxxyL Fig. 117. Haitt. 
h.Progre§8if (progressif)^ when the exponents form 
. the beginning of an arithmetfcal series, as 
1, 2f 3. Example, Progressive calcareous-^ar, 

E^l E D e, PL xxvii. Fig. 41, Hauy. 
f r m 
i'. Interrupted or dUjundive (disjoint), when the decre- 
ments make a sudden spring, as from 1 to 4 or 

6. Example, Disjanctive red silver-ore, DPBB 

H. ixT. Fig. aa nPic 

k. Partial (partial), wh^ tke part rehiaiAs without 
decreihenta, while other siikiiUrly dtluated parts ex - 
l^exSence decrements. Example, PBJtti$i tin-whit^ 

cobalt-ore, B E' *ElVl. «, , ^ ... r ii^rr rr 

* 1 >PLlxxvin.f. 167.Hauy. 

e r M 

L Semidouble (soudouble), when the exponent which 

belongs to one decrement, amounts to half the 

sum of the other decrements. Example, S^mi- 

9 9 

double topaz, jj' ^' ^'^ Jp» PI. xliv. Fig. 40. 
Haoy. 

In, 
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In tbe 8sme manner we say, SemUripk (soiitriple), 
Simipmirupk (souquadrupla), &c. 
m. Doubling (doublant), tripling (triplant), quadru- 
pling (quadniplant), when one of the esponents 
18 repeated two, three, or four times, in a series 
which otherwise would have been regular. £x« 
amples, Doubling crysolite (peridot doublant). 

M« GG« *GG* TCABP, p- too c^,. v.« 

Qfiodrupltng erysplitc, (peridot quadruplant), 

MG 'GG^ TCAB BP, «. .^A V if 

n. Identic or Identical (identique), when the expo* 
nents of two simple decrements are equal to the 
members of a frtetion, which expresses a third 
and mixed decrement. Example, Identical grey 
cQpper-ore, 

PB^A^A-AtAtp, j^^. g^ 

P / « o I r ' 
o< J9€mnuni9 (isonom^), that is to saj, equality of 
hfWM; when the exponents which indicate^ the 
decrements on the edges are equal to each other, 
and also those which indicfite the decrements in 
the angles. Example, Isonomous artificial blue 
vitriol, 

r M « TP syu ** 

Hauy. 

p« Mixti 
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g.'Mixed (mixte), wlien the form results from a 
sifgle mixfd decrement. Examp^ey Mixed sap- 

pbire B PJ. xUk Fig* ??. Hauy. 
. n 

q. PatU(^enou9 (pantogene), that is to -say, :f7faich de- 
rives its fofm from all ptttts of the crysjtal, whcij 
every edge and angle suffers a decrement. Ex- 
ample, Pantogenous heavy-spar, 

k M s do zV ' 
T. Bifirous (bjfere), whpn eyery angle and edge suf- 
fers two decrements. Example, Biferous grey 
copper- ore. 

PBBBBA^ A« M XI 

8. 5^rrouH(^ed (entour^), when the decreinents occur 
on all the edges and solid angles around the com- 
mon basis of a prismatic nucleus. Example, 
•. Surrounded (entour^) celestiiie,' 

^^JJ|» Pl.?xxyi. Fig. 186. B4CT. 

t. Opposite (opposite), when one decrement is made 
by one row, and another is intermediate. Ex- 
ample, Opposite tinstone, 

M( ABi B» )B^, PL Ixxx. Eig. 183. Haut. 

' ; MX i / 

u. Synoptic (synogtique), when the laws of decrement 
which occur in all the other crystjtls of the same 
species, or at least in the greater number of 

thejn, 
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tbem, are united in this dystal. Example, Sy- 
noptic felspar, 

G. G* M« HTVlMdih, p, ^i^ Pig 90 
./ z M zT xyq¥ nnoo 
Rttrogradt (retrograde), the name given to a ra- 
rietj of calcareous-spar, whose symbol pr formu- 



la is /Je *B ) 



contains two mixed decrements, 



g 
which are of such a nature, that the resulting 

faces seem to-retrograde, bj throwing themselves 
backward on the side of the axis opposite to that 
which looks towards the face on which thej ori- 
ginate* 
Ascending (a^;.endant), when all the laws of decre- 
. ment have an ascending course, in departing from 
the angles or lower edges of a rhomboidal nu-* 
cleus. Example, Ascending calcareous spar. 



f 9 4 



teD PI xzvdi. Fig. 44. 



emn^ 



6. Secondary Fornu^ camiiered in relaium to their Geome- 
metrical Properties. 

A crystal is named 

a. Equiangular (isogone), when planes occurring on 

differently situated places, form among them- 
selves equal angles. Example, Equiangular 
efaryosberyl, PL xliii Fig. 88. Haut. 

b. Jnamorphic (ah^inorphique), diat is to say, invert- 
•■ ed shape^ when we cannot give it the most natu- 
ral position without the nucleus appearing as it 
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were rei^^neA. Exftraple, Anteiprpliic stiibite 
or foliated zeolite, Fig. 7& S^L Min, When 
we view this crystal as an unequiapigalar six- 
<ided' prisni, truncated on the angles o( the two 
most obtuse lateral edges, the shape of its nu- 
cleus, in comparison with the position it has in 

. the dodecahedral Varietj of stiibite^ appears re- 
versed. 
c, Rhombiferow (rhombifere), when certain planes 
are true rhombs, although, from the manner in 
which the/ are cut by the neighbouring planes, 
they at first sight appear to have no symmetri- 
cal figure. Example, the Rhombiferous rock- 
crystal. Fig. 06. Syst. Min. which is a six sided 
prism, acuminated on both extremitiei with six 
planes, which are set on the lateral planes^ and 
slightly truncated on th^ alterniette angles; the 
truncating planes are iliombs. 
i. Equiaxe (equiaxe), when it has the shape of a 
rhomboid, in which tbe.ftsis is equal to that of 
the primitive rhomboid. Example^ the Equiaxe 
calcareous-spar, PI. xxiii. Fig. 8. Haut, which 
is a ^very..&Ktdoiihk<tiifeeTsided pyramid, or it 
may also be vitfred as a very flat rhombus, in 
which the axis is equal to that of the included 
nucleus. 
rJ Jnwtrsevtdnvtrici (imi»i^)» ,vriie&;it>haa the form 

- ^ a rriiombeid, the aolid angles :#f which are 
(equal t^^ ihe plane fm^k» of ihe plimitive rhom- 
boid, mdr-viee ver^i. 'B:saiii{de, Inverted caka* 
V isewsftipar^FLiBtitt. J^ig»Sl.H^ 
■' .pMHmMU '(atif?t$(itMique}# iSMiiy \» 96gf' transfir- 

> TfiQ^Tfi^lmi jitfl j^infi rmigles mA «AiSL angles are 

the 
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tfa« saiole as ^se of the nucIeiM, and are thos 
transported to the secondary form. Example, Me- 
tastatic calcareous-spar, Fl. xtSL Fig. 4. Hauy, 
which is an acute double six-sided pyramid, with 
unconformable and alternating acuter and obtu* 
ser lateral edges ; the lateral planes of the one 
set obliquely on the lateral planes of the other, 
so that the edge of the common base forms a zig- 
ssag line. The obtuse angle formed by.tlie edges 
of the common base and the acuter latena] edges, 
is equal to the obtuse angle of the primitive 
rhomboid. The acuter lateral edges are equal to 
the lateral bdges of the nucleus that lie in one 
and the same apex. These two angles, there- 
fore, are as it were transported from the primi- 
tive nucleus upon the secondary crystal. 

g. Contrasting (contrftstant), when it has the form of 
a very acute rhomboid, in which there is an in- 
version of angles similar to that which takes 
p)ace in the inverse^ exhibiting a kind of contrast, 
because it in so far resembles in another part a 
very obtuse rhotnboid. Example, Contrasting 
. calcareous-spar, PI. Xjtil. Pig. fi. Haw. 

h. Fixed-Angular (persistant), is the name of a varie- 
ty of calcareous spfir, ih tthich certain planes are 
. so cut by the neighboorbig planes, that their an. 
gles retain the same magnitude, which they would 
oihei^ise hav6 had, ofily that the respective po- 
sttiob's 6f these angles are changed. Examjple, Fix- 
ed-angulair (pei-sistaht) calcareous r spar, PL xxv. 
Tig. 49. fiAtjfT, whiA ts a six-sided prism very 
atotely aeuthiAated on bbth extremltiies, with 
'" three planes, which are set on the alternate late- 
ral 



2S24. EXTERNAL CHARACTSBSV 

ral planes in an unconformfiUe manner^ and th^' 
summits of the acumination» deeply truncated. 
The angles of the acuminating plane$ are equal 
to the angles of the rhombus of the inverse varie- 
ty, and the angles of this latter variety have alsa 
remained, notwithstanding the change of form it 
has experienced by new or alterating planes. 

I. Analogic (analogique), when its form exhibits ma- 
ny remarkable analogies, iilxample. Analogic 
calcareous-spar, PL xxvi. Fig. 34. 'Hauy, which 
is a very acute double sixr sided pyramid, in 
which the lateral planes of the one are set 
obliquely on the lateral plants of the other, and 
the zig zag edge of the common base so deep- 
ly truncated, that the truncating planes touch 
each other, and also the acuminating planes, in a 
point, and very flatly acuminated on the extre- 
^ mities with three plants, which are set on ^h'e aL 
ternate lateral edges. 

/r» Paradoxical (paradoxale), when its structure exhi- 
bits very remarkable and unexpected results. 
Example, Paradoxical calcareous spar, PI. xxvii. 
Fig, 42. Hauy, which is the metastatical variety 
of calcareous spar bevelled on the acuter edge% 
and acuminated on both extremities with three 
planes, which are set on the obtuse lateral 
edges. 

/. Complex (complex), when its structure is compli- 
cated by uncommon laws ; as when it is formed 
partly by mixed, partly by intermediate decre- 
ments. Example, Complex calcareous-£^ar, PL 
xxvii. Fig* 43.' Haut, which is the inverse va- 
^ rietyy 
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ti^Y wUien we consider it as an acute donble 
three sided pyramid, berelled on the edge of the 
cojoimon base> and also truneated jon its angles* 

6. Secondary Forma, considered in regard to certain parti^ 
cutar cireumatances, 

A crystal is deiidmihated ' 

.a, Tramposed (transpose,) when it . is composed of 
two halves of an octahedron, or of two portions 
of another crystal, of which the one appears to 
be turned upon the other a sixth part of its cir« 
Cumfei'ence. Example, Twin-crystal of spiilel. 
Fig. 16. Sysl Min. 

' b. Hemitrope (hemitrope,) that is, one-half turned 
rourid,^ when it ii composed o^ two halves of 
one and the same crystal, of which the one-half 
appears to be turned upon the other, one- half- of 
. the circumference. Example, Twin>crystal of 
felspar. 

c. Rectangular (rectangulaire,) the natne of a variety 

of grenatite^ which consists of two pristns that 
intersect each other at right angles^ Fig. 63. Syat* 
Min* 

d. Oblique angular (obliquangle,) the name applied to 
^ the variety of grenatite when two prisms cross 

each other at an angle of 60^ y Fig. 64. Syat. 
Min. 
t. Six-radiated or stellular intersecting (sexradie,) a 
name given to a Variety of grenatite, composed 
of three prisms, that intersect] each \ other m 
such a manner, as to rejpresent' the six radii of a 
^ regular hexagon. 

F'f / Cru^ 
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/. Cruciform (crucifome), when.it is composed of 
two crystals which form a kind of cross, as ia 
cross-stone, Fig. 86, Sy$L Min. 

g. Altemotdy streaked (trigljph^), when the striae 
viewed upon three faces around the same solid 
angle, are in three directions, and perpendicular 
to each other. - Example, ConuHon iron-pjrites, 
PL bcxvL Fig. 141. Hauy. 

h. GeniculaUd (genicule), when it is composed of two 
prisms^ which are united at one end, and form a 
kind of knee. Example, Geniculated rutile. 
Fig. S18. Syst. Min. 



IV. Extraneous External Shape. 

Extraneous External Shapes of Minerals are those 
derived from organic bodies. They are also named Petri- 
factions^ and less properly* JossiVt. The particular study of 
these interesting forms belongs to Geognosy, as the oryc- 
tognost views them only in a general way. In the prefixed 
. Tabular View, they are arranged in the order in which 
the species are described in the natural history of or- 
ganic bodies,' and are divided into Petrifactions from 
the Animal Kingdom, and into those from the Vegetable 
Kingdom •. 

A. 



* Id 4e>cribiiig petrifactions,^ with the view of a ccnnplete history of the 
tpedety a more regular and comprehensiTe arrangement ought to he fol- 
lowed tluui that usually employed by naturalists. In a paper whidii I read 

hcforr 
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A* PetrUactiQps from tbe Animal Kingdom. 

a. Quadrupeds. The fossil remains of qqadrupeds are 

generally found but little altered, and in single 
piece^^ as honeSf teetk^ and horns ; seldom in com- 
plete skeletons. The greater number of species 
found in this state appear to be extinct *• 

b. Birds. The remains of birds, whidi are usually- 

single bones, feet, daws, and bills, ar^ very rare ; 
they have been found in the vicinity of Mont 
Martre near Paris, ahd in the limestone of ^- 
ningen and Pappenheim. 

c. Amphibious Animals, Fossil remains of tortoises 

and crocodiles have been met with in different 
parts of Europe. Fossil tortoises occur in the 
Isle of Shepey in the Medway ; and fossil re- 
mains of animals allied to the' crocodile are met 
with in the neighbourhood of Bath, in th^ cliffs 

on 



before the Wernorian Society, aome years ago, I proposed and adopted the 
following arrangement, in describing a petri&ction from Sicily. 1* De- 
scription of tbe iextenial aspect and internal structure. 2. Chemical char 
racters, and chemical composition. 3. Oeognostic situation. ^4 Geogra- 
phic aituatloii. ^^Uses. 6. History, under which head I incltid6 all that 
Is known of the first discoirery of the petrifactioo, the names it may have 
had at difi&rent times, the different figures and descriptions of it published 
by authors, and other information of a ipispellaneous nature. 

* It may b^ remarl^ed, th^t the Ibesll remains of the Human Species 
rarely occur ; the only well authenticated example of this kind being the 
human skeleton imbedded in an alluvial calcareous mass brou^t from 
Guadidoupe by Sir Alexander Cochrane, and noW in the British Museum ; 
nor-shoold t^e rarity of their pccurcnce excite our wonder, when it is reW 
ta^Uectedy that human bones, are looser in their texture, and more cellular 
than those of q^uadrupeds, and therefore much more liable to dtcomppsiT 
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pn the Dorsetshire coast, and alsc^bn the coast 
of Yorkshire. . 

d. FishtB. Of these we find petrified, either the oi- 
tirejish^ shd^om^ vertebray or ieeih^ Of the en- 
tire fish instances hare been ohser^ed in the cop- 
per or marl slate of the county of Mansfeld; and 
also in Oxfprdshire, Gloucesteishire, Leicester- 
shire, Lincolnshi^, Dorsetshire, and Kent * ; of 
the skeletons in the limestone of Pappenheim ; 
of the vertebrse. in She^y ; of th^ teeth, parti- 
cularly those of the shark, considerable quantities 
in the Island of Malta, and abo in Kent, and 
Isle of Shepey- 

f . Imecfs. These are very rare. The only well au- 
thenticated instances of petrified fresh water in- 
sects are the larviie of libelliilie found in the 
limestone of Pappenheim. Of se^ insects a very 
considerable variety have been discovered. Of 
the genus cancer several distinct species have 
. been found in the Isle of Shepey in the Med- 

Insects inclosed in amber ar^ not to be regard- 
ed as petrifactions, because ph^j ^e i^ead bodies 
nearly unaltered. 
jf. Shells. Many genera of fossil shells ^re enpmera-' 
rated in the I'abular View,, of which a particular 
account will be give in one of the volumes of 
my S^^em of Minertdogff. It is'suffinient Tor 
our present purpose to Inemarky'that these fossil 
remains are uqcomnionly numerous, apd are, for 

- 

* Parkihiom^s Qiipmic Remains, yoL iiL j^ 849. 
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^e inost part of species which have ncTer been 
found in a living state. 

g^ ,Cru8tac^»U9' cmimals. Of these the most remark- 
able and abundant are the Echinites, and Aste- 
rites. 

h. Corals. Man J diiTerjent fos»il genera and specie 
o£ these bodies *have been figured and described 
PY naturalists, under the names madreporUcs^ mt2- 
lepariteSf fungites^ &c. . . ' • 

B. Petri&ctions from the Vegetable Kingdom. 

These are^ 

a. trnpressiom pf plants and haves. These.pcpur very 
frequently^ ^nd appear to characterise particular 
formations. Thus, the impressions and casts of 
reeds and ferns appear to occur n^Qst frequently 
in the bituminous sb^le ^nd slate-clay of the coal 
formation. Petrifactions of seeds and fruits also 
occur in sandstone apd other rocks. 

h. Transmuted wood, or petrified wood. It occurs in 
the form of trunks, branches or roots. The 
wood is either petrified with an earthy mineral, 
as in wood-stone and wood- opal ; with a metalli* 
ferous mineral, as in pyritical wood ; or it is bi- 
tuminous, as in the . diiJQprent kinds of- brown- 
coal *. 

II. 



* ^ The bett English wotk on PetrifacUont is that of Mr pAKKiiitoir» en- 
titled ** Oi^gftnic Remains of a Former Worlcl.** It abomids in curious and 
fmiKXTtant information;, and is .adorned and illustrated with numerous 
beautiful Plateis. Mr SowaaBV ,i8 pubHidiing a useftil work^.entiUed Jftae* 
ral Cmtchologjf. 'And the valuable obsenrations on Organic Ranains, in the 
Tnmsactions of the Geological- gociety of London, are Airther proo& of the 
general attantipn now bettowsd on tho natural history of petriftctSons. 
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!!• The Externai< Surface. 

The external surface of minerals is either smooth, or 
more or less uneven. When the inequalities become so 
great as to affect the shape, they are no longer eonsider- 
ed as characterising a yariet j of surface, but as a variet j 
of external finin. 
The following are the varieties of this character. 
1. Uneven. This, of all the kinds of external sur- 
face, presents the great^t and most irregular 
elevations and depressions, jet thej are not so 
considerable as to alter the external shape. Ex- 
ample, Surface of balls of calcedon j. 

2. Granulated, When the surface shews numerous 

small nearly similar roundish elevations, that 
appear like grains strewed over it, it is said 
to be granulated. It has a striking resemblance 
to shagreen. It is either coarse or fine granu- 
lated. The first occurs in reniform brown he- 
matite, also in compact brown ironstone ; the 
latter in diamond grains, and sometimes also in 
crystals of diamond. 

3. Rough. Thb kind of surface is marked with small 

scarcely visible elevations, which we can hardly 
discover but by the feel. It has little or no 
lustre. Examples, Rolled pieces of common 
quartz and rock-crystal. 

4. Smooth. Here there is no perceptible inequality^ 

and the surface reflects more light than the pre- 
ceding kinds of external surface. E'Uftmptes^ 
Fluornipar, cubes of galena or. lead-glance, and 
the acttttdiiating planes of rock-crystal. 
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5. Streaked. This kind of surface is marked with 
lin^like elerations. It is either simpiy streaked 
or doubljf streaked, 

A. Simply slreakedf when the line-like elevations run 

but in one direction. 

a. Longitudinally streaked. When the streaks are 

parallel with the length of the lateral planes. 
Examples, Topaz, schoH, and beryl. 

b. Transversely streaked. When the streaks are 

parallel with the breadth of the lateral plants. 
Examples, Rock- crystal and quartz. 

c. Diagonally streaked.' Where the streaks are pa« 

rallel with the diagonal of the planes. We 
have an example of it in the garnet, where the 
streaks pass through the obtuse angle of the 
rhomboid. 

d. Alternately streaked. When truisverse and 

longitudinal streaks, occur on alternate planes. 
Examples, Cubic iron-pjrrites and red iron- 
stone. 

B. Doubly streaked^ when the streaks run in different 

directions. This is dtfaar 

a. Plumiformly. When the streaks run obliquely 

towards a principal streak, like the disposition 
of the parts of a feather. We must be careful 
not to confound it with the plumose exter- 
nal shape. It occurs in the folia of Plumose 
native bismuth. 

b. Reticularly. When the streaks either cross each 

other in a promiscuous maniier, or undef right 
angles, forming a kind of flat net-work. It 
occurs on the sur&ce of silver-white cobalt-ore. 
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6. Drusy. When a ciystal is coated witb a amnbef 
of minute crystals of the same kind, so that the 
new surface acquires a scaly aspect, it is denomi> 
nated drusj. Examples, Common iron-pyrites 
and common quartz. 

. III. Thb External Lustre. 

Here we hare to consider ihetnUnsUy and the sort of 
lustre: 

1. The intenaiigf of the luatte. Of this there are five 
, dififerent di^ees. 

A* SpltniaU, A fossil i3 said to be spfendent, 
when in full day light (not in the. sunshine) its 
lustre is visible at a great distance. The highest 
degree of this is termed spequlur splendent. It 
generally occurs in minerals witb a perfect folia- 
ted fractune. Galena or lead- glance, selenite, 
. mica, and iron-pyrites, are good examples of this 
degpree of lustre. 

B. Shining. When a mineral at a distance reflects 
but a weak light, it is said to be shining. Ex- 
amples, Heavy-spar, pitchstone, and common 
opal. 

C. Glistening. Thb degree of lustre is only obser- 
vable when. the mineral is near ns^ and at no 
greater distance than arm's length. Examples, 

^ Grey copper-ore, porcelain Jasper, common acty- 
nolite, and splintery ..quartz. 

D. Glimmering* If the surface of a miperal, when 
. held near to the eye in full and, clear day-light, 

presents a very great number of .small faintly 
shining points^ it.is said,toJiieglin^ering. In 
strong sunshine it exhibits a kind of play of co- 
lour. 
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lour. As examples of this degree of lustre, we 
t!$Ay mentioa claj ironstone^ -red hematite, com. 
, pact galena or lead- glance, and porcelain jasper ; 
^nd of faintly glimmering, Lydian-^tone is a good 
example. 
£. jDk//. When a mineral does not reflect any light» 
or is entirely destitute of lustre, it is said to t)e 
dull. Example, Clay ironstone and chalk. 

S. This idri of lustre. Of the different sorts of lustflS 
we cannot give any definition, but must rest sa- 
tisfied witK mentioning a few minerals which pre- 
sent the^e charflcteritf in the greatest pierfection. 

H. MttalHc lustre^ is always combined with opacity. 
Examples^ Copper-pyrites, grey copperrore, and 
lead-glance. 

b: Stmhiutallie. Examples, White and Yellowish- 
grey nofica and red hematite. 

c. Adamantine. It occurs in the diamond, particu- 
larly the white and grey varieties^ and sometimes 
also in white lead-ore. 

d. Pear(y, as in kyanite, zeolite, and sdenite. 

e. RemiQUs or uxixy, as in {ntchstone^ yellow lead- 
ore^ and tinstone crystals. 

/. Vitreous or glassy , as in rock-crystal and topaz. 

tn determining the lustre of minerals, we ought to ex- 
pose them to a strong light, but not to the direct rays of 
the sun. The specimens should not be handled, a prac- 
tice too often followed, and which very soon alters the 
lustre, or adds a lustre to such jas have nqne. * 



Gg II. 
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II. Tan A^rECT or tbb FRACtunm: 

Here we have to observe the lustre of the fracture^ the 
fracture, and the shape of the fragments. 

IV. Thb Lostrb of TBS Fracture. 

The internal lustre, or the histre of the fittctttre, pre- 
sents the same varieties as the external lustre, and there- 
. fore requires no particular description. 

.V. The Fracture. 

B J fracture we understand the shape of. tiboae internal 
surfaces or planes of a miiieral which are jHToduced by 
breaking or flitting it. These surfiices are either conti- 
nuous, when the fracture is said to be compote, or are 
composed 6( a number of Une^like or foliated parts, term- 
ed distinct concretions, when the fracture js named split or 
divOid. 

A. Compad Fracture. TItere are six different kinds 
of compact fracture, vis. splintery, even, conchoid 
did, uneven, earthy, and hackly, 
a. Splintery. When, on a nearly even surface, 
small wedge shaped or scaly pU'ts are to be ob- 
served, which adhere by their thicker ends, and 
aUow a little light to pass through, we say that it 
is splititery. It sometimes passes into even. Ex. 
amples, Ironstone and quartz. 
h. Even, is that kind of fracttlire-surface which 
shews the ftwest inequalities^ and these ineqiM- 
Hties are flat and their boundaries never sharpy 
marked, on the contrary, they i^n into each other 
imperceptibly. Minerals possessing this kind of 
fracture have generally a low degree of lustre 
and of transparency'. It occurs in cbrysoprase, 
calcedony, compact galena or le^glance, com- 
pact 
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pact red itt>n8toiie» and compact brown ironstone. 
It pasaes into krge coachcndal and into splintery. 
Example, Ljdian stone. 

c. ConchoideJf is composed* of concave and convex 

roundish elevations anid depressions^ which are 
more or less regular : when regular, they are ac- 
cDmpanied with concentric ridges, as in many 

< shells, and hence present a conohoidal appear- 
ance. It is distinguished, according to the mag- 

^ iiitude of the elevations and depressions, into large 
conehMdalf as in obsidian or flint, and into small 
jotmekmdali as in pitchstone. The large cpnchoidal 
passes into £ven> and the small conchoidal into 
Uneven. It b further distinguished, according 
to the depth of the inequalities, into deep conchoi- 
dalf as in rock-crystal,. ap4 flat amchoidal^ as in 
flint: and, lastly, a^ording to perfection, into 
perfect ooneh^idal^ as obsidian, or common opal, 
and into imperfBct conchmdaly as porcelain jaspen 
Minerals shewing this kind of fracture exhibit 

. almost every. degree of lustre and transparency. 

d. Uneven. This kind of fracture shews the most 

considerable elevaitions and depressions, and the 
elevations are usually angular and . irregular. 
These elevations are denominated the grain; 
and, according -to the size of the grain, the 
fracture is named coarse grained^ as in copper- 
pyrites; snudlgrahudy as in copper nickel; or^ne 
grmnedy as in arsenical pyrites. 

This kind of fracture frequently occurs in 
opaque minerals having some lustre, and is most 
frequent in metallic minerals. It passes into 
small and imperfect . conchoidal, and also into 
earthy. 
f. Earthy. When the fracture surface shews a great 
number of very small eleviitions ^nd depressions^ 

which 
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which make it appear rough, it h cafled eartlij. 
It is always associated with complete opadtj 
and want of lustre, which latter- character dis- 
tinguishes it from the fina grained uneven frac- 
ture, it is peculiar to earthy minerals. It is 
distinguished into Ooacse eartiiy and Fine earth j. 
tt paAes sometimes into even, and sometimes intf^ 
uneven. Examples, Chalk, and clay inmstone. 
/ Haekbfi. When the fracture surface conmts of nu- 
merous small sUghtly hent sharp iaeqaalities, 
which are sometlme^^ oiily discoverable to the 
feel, it is said to be hackly. It occurs only in 
native malleable metals, and is, consequently, 
accompanied with metalBc lustra and opacity. 
Examples, Native coppcor, ^d native silver. 

These different kinds of compact fracture of^ 
ten run into each o4faer, and frequently several 
^ occur together ; in the latter case, the inost pre- 

valent fracture is that which is to be taken as 
the charaGteristic ope. 

B. Split fracture *. Under this head we include what 

is called by some mineralogists the Structure of 
Minerals. - 

Three difibrent kinds of split fracture are enu- 
merated in tfie Tabular View, tiiejibrousj radia- 
tedy and foliated. 

C, F^roua fracture. In this kind of fracture the dis- 

tinct concretions of which it is composed, are 
so narrow, that tjie only magnitude which 
can be readily determined, by the naked eye, is 
the length ; hf nee it is to be consiflered as compo- 
sed 

* This is the gegpaUenen Bruch of >he (Sermai^j which I have translap 
ted apUt fracture, probably not a very appropriate translation, but I do not 
remember any less objeetionatiaew * '• • • » 
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ied of line like parts. It is never dull ; on the 
jcontrarj) it is generally glimmering or glisten- 
ing, aeldom shining, and never splendent. It 
sometimes occurs in transparent minerals, but 
oftenar in 4hose which are nearly opikque. The 
minemb in which it occurs are sometimes cry* 
^tallis^ in capillary crystals. In the fibrous frae- 
ture we have to attend to the thickness^ the dim 
recttoBf and the position oi the fibres. 
«. 7%i4^ite«s of the fibres. 
«. Coarse fibrous^ when the fibres are of a consider- 
able thickness, as in common fibrous quartz^ 
common asbestus, and fibrous gypsum. 
fi* Delicate Jlbrous^ when the fibres are narrower 
Uian in the preceding variety, and occasional- 
ly so delicate, as to be scarcely visible to the 
naked eye. Examples of delicate fibrous fi-ac* 
ture occur in red hematite^ and fibrous mala- 
chite ; and of extremely delicate fibrous frac- 
ture, in calc-sinter and amianthus. 

The coarse fibrous fracture is the link which 
connects the fibrous with the radioed frac- 
ture. 
6. The direction of the fibres. 
«. Straight Jibrousy as in red hematite and fibrous 

malachite. 
/8. Curved fhrous^ as in asbestus and fibrous gyp* 
sum. 
^. The |>osth'on. 

«. ParaUetfibrouSi ,when the fibres, whether straight 
or curved, are paraVel to each' other, as in 
common asbestus, and fibrous gypsum. 
/S. Diverging fbrous, when the fibres proceed from 
a common centre, in different directions ; and 
(his is either 
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' i. SUttular diverging^ when the fibres diverge in 
all directions, like the radii of a circle, as in 
brown hematite. 
iL Fiuctctdar or scopiformy when the fibres di« 
verge only on (me. side, so that tlie middle 
fibres are often longer than the lateralones, 
as in malacshite, fibrous secdite, «nd reniform 
red hematite, 
y. PromiscuoHa ^fibrtms, when die fibres cross each 
other in all directions, as in oonqiact plumose an- 
timony. 

D. Radiated fracture. The distinct concretbns in this 
kind of fracture, have two di«cemible dimensions, 
namely, in length and breadth, and of these the 
first is the most considerable. H^iee the frac- 
ture surface e:(,hibits long and. narrow fracture 
parts, which sometimes rest on each other, or 
are placed side by side. The lustre alternates from 
splendent to shining, and the transparency from 
translucent to opaque. The minerals in which it 
occurs are sometime^ crystallised either in needles, 
or in broad prisms. In the radiated ffacture, we 
have to attend to the breadth^ direeti(mf posAtoHf 
and cleavage of the rays, and the a$peet of the rays 
surface. ^ 

a. The breadth of the rqys. 
«. Uncommonly broad radiated, when the breadth of 
the rays is more than one-fourth 4aS an inch as 
is sometimes (he £ase with radiatad grey anti< 
mony -ore, and^cyanite. 
/I. Broad radiated^ when the breadth of th^ ^ys is 
less than the $Mu:th of an inch> bat not less 

than 
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than a line^ as in common actynolite and 
mica, 
y. Narrow radiated, when the breadth extends 
from a line to one-fourth of a line, abo in ac- 
tynolite. 
6. Directum of the rays, 

«. Straight radiated, which is very frequent, as in 

actynolite. 
/3. Curped radiated, which is rare. The curvature 
is either in the direction of the breadth^ as in 
common actynolite, or in the direction of the 
length, as in kyanite. 
e. Position of the rays. 

tt. Parallel radiated, as in grey antimony-ore, and 

in common hornblende. 
/3. Diverging radiated. 

i. Stellular, as in radiated red cobaltk>chre, or 

cobalt-bloom. 
iL Scopiform, as in radiated grey antimony-ore, 
and radiated zeolite. 
y. Promiscuous, as in hornblende-slate, and grey an« 
timony-ore. 

d. Cleavage or passage of the rays, 

a. Single deavage. 

b. Douik cleavage, as in hornblende. In general 

the cleavage, of which a particular account will 
be given when treating of the foliated fracture, 
is itapestttt, and we seldom can distinguish 
more than one variety of it, which is the 
singly. 

e. The aspect of the rays surface. The rays are ei- 

ther 
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«. Smooth^ as in radiated grey antimolty and acCy- 

nolite. 
fi. Streakedy as in radiated grey manganese-ore and 

boinblende. 

£. Foliated fracture. This kind of fracture is com- 
posed of folia or planes in which the length and 
breadth are nearly equal ; which are shining or 
8plendent5 and superimposed on each other in va- 
rious directions. It occurs in minerals possessing 
every degree of transparency, which are general- 
ly crystallised, imd usually afford regular frag- 
ments. It is a more frequent fracture than ei- 
ther the radiated or fibrous. 

In the foliated fracture, we have to attend to 
the size of the foliaj the degree of-perfettiim of the 
foliaiedfracturey the direction of the folia, thepo- 
tt^tott of thefolioy the aspect of the, surface of the 
folia, and the pa^soffc of the foHa, or' cleavage. 

a. The size of the folia. The size bf the folia is 
determined by that of the distinct concretions; 
so that a mineral which is composed of large 
granular con<fretion8» must have a large foliated 
fracture, or, of small granular concretions, a 
small* foliated fracture. When a mineral with a 
foliated fracture is not composed of distinct con- 
cretions, but is one uniform undivided mass, the 
folia pass uninterruptedly through the whol^ ex- 
tent of the mass, and afford the largest variety of 
foliated fracture. 

b. The degree of perfectum of the foliated' fraefure. 
This depends on the facUity with wtu^i^h the fo- 
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11a are separated from each other by splitting, 
on the lustre, and the smoothness of the frac- 
ture surface. 
. Thus it is 

«• Highly p&feet, or specular sptekdenf : When 
the folia are perfectly smooth, and specular 
splendent, as in galenia or lead*glance, yellow 
blende, transparent calcareouS'^spar, and sele- 
nit^. 
/8. Perfect foliated^ in which the folia, are pretty 
smooth, and shining, and sometimes splendent, 
as in mica and felspar. 
y. Imperfect foliatedy when the folia are slightly 
uneven or even rough, and the lustre lower 
than in the perfect fpliated, as in fluor-spar, 
and beryl* 
i. Concealed foliated^ when the folia are separated 
from each other with difficulty, and the fo- 
liated fracture appears only in a few places of 
the fractiire surface, as in rock-crystal, 
c. The direction of the foliar 
«. Straight foliatedy as in selenite and calcareous*- 

spar. 
fi. Curved foliated f which is either , 

i. Spherical curved foliated^ when the folia are 
20 bent. Chat they resemble either whole 
spheres or segments of spheres, as iii brown- 
spar and mica, 
ii. Undulating curved foliated^ when the folia 
are so laid over each other, that a transverse 
•section gives a serpentine line, but the lon- 
gitudinal one a straight line^ as in mica. 

Hh iii. 
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iu« FhriformfMated, when the folia are varioa9< 
Ij curved, and the curvatures are arranged 
. hi a scopifortn manner, as in galena or lead- 
glance. 

iv. IndeUrminaU curved foUaUdj when the folia 
are irregularly or indeterminately curved, as 
in iron-mica or micaceous iron-ore, and 
mica. 

d. Thepoaitum of the folia. 

«. Common foliated^ when the folia extend 
throughout the whole mass, and cover each 
other completely, as in calcsreous-spar, and 
most other minerals with a foliated frac- 
ture. 

/I. Scaly foUatedj when the folia cover each other 
only partially, in their arraiigement some- 
what resembling the scales on a fish. It ia 
divided into large^ smalts andjine scaly foli^ 
ated, and occurs in mica. 

e. The aspect of the surface of the folia. The foli- 

ated fracture is either 
«. Smooth^ as in calcareous-spar, and folspar : 

or, 
/3. Streakedf wfakh is either 

i. Simply atreaked^ and in the direction of the 

l€ngth, as in common liomblende. 
ii. Variously streakedy as in iron-mica, 
iii. Plumosely streaked^ as in mica. 
i,: The passage of the folia or eleaoage. 

The cleavage is the number of determinate di- 
rections in which a mineral exhibits a foliated 
£ractarej and according to which i| can be split. 

It 
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It 18 distinguished 

«• According to the number of the cleavages. 

L Single^ when it splits only in one direction, at 
in mica. 

ii. Twofold OT double, when it splits in two direc- 
tions» as in fekpar, hornblende, and tremo- 
lite. 

iii. Threefold or triple^ when it. splits in three di- 
rections, as in calcareous^^spar, rock-salt, and 
galena .or lead«'gltuice. 

iv. Fourfold or quadrupkj when it splits in four 
directions, as in fluor-spar,. specular iron- 
ore, or iron-glance, and beryl. 

y. Sixfold, when it splits in six different direc- 
tions, as in blende and rock-crystal. 
iS. According to the angle under which the cleavages 

. intersect each other; and these exhibit the fol- 
lowing varieties, 

i. In the twofold cleavage, the two folia or clea- 
vages intersect each other rectangularly, as 
in felspar and hyacinth ; or oblique angular^ 
ly, as in hornblende. 

ii. In the threefold cleavage, the folia intersect 
each other . rectangularly, as in 'galena or 
lead-glance; oblique, yet equiangularly, as 
in calcareous-spar and sparry ironstone ; o&- 
lique but un^quiangularly, as in heavy-spar ; 
and partly rectangulary, partly oSlique-'angU" 
larly, as in selenite. 

iii. In the fourfold cleavage, all the cleavages are 
equiangular and oblique^angular, as in fluor- 
spar, iron-glance, and diamond ; or three 
cleavages are equiangular and oblique-angu- 

laff 
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laVf in a common axis, and are intersected by 
n fourth, which is horizontal and rectangular, 
as in beryl, 
iy. In the sixfold cleavage^ all the cleavages meet 
under equal oblique angles^ as in rock-crys- 
tal ; or three of the cleavages are equiangu- 
lar and oblique-angular^ in a common axis, 
and ar^ obliquely intersected by three others, 
which also intersect the axis in an oblique 
directioii. Example^ Blende. 

These angles of the various cleavages may 
also be more particularly measured by means 
of the goniometer. 

D. Slaty fracture. This fracture, like the foiliated^ 
consists of plane-)ike portions, in which the 
length and breadth are nearly alike, but in which 
the thickness be/o^ins to be discernible. The frac- 
ture-surfac^ is generally rough, with but little 
lustre. It is nearly allied to the foliated fracture, 
but is less perfect, and never occurs in regularly 
crystallised minerals, but always in those which 
are found in large masses, or in beds. Minerak 
with this fracture are generally opaque. This 
fracture is further distinguished according to 
thickness f direction^ perfectitAi^ and cleavage* 
a,- Thickness. 

a. Thick slaty f as in alum-slate, flinty-slate, and 

clinkstone. 
h. Thin slaty, as in most of the varieties of clay- 
slate. 
b. Ditection, 

a. Straight slaty, as in comnion clay-slate. 

b. Curved slaty, which is either, 

. ■ •% 
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« a. Indeterminate curved slaty f as in some va- 
rieties- of bitamihous marl-slate, 
b b. Undulating curved ulaty^ as in glossj alum- 
slate. 
«. iPerJection. 

a. Perfect alaty^ as in clay-slate, 
b Imperfect slaty j as in common flinty slate. 
d. Cleavage. 

a. Single cleavage^ which is the usual yariety ia 

clay-slateT 

b. Double cleavage^ very rare,, as in clay-slate. 

4B. Where several fractures occur at the same time^ their 
relative situation must be observed. 

A. One including the other. 

In some minerals there occurs a double frac- 
ture, in which the one fracture is larger than the 
other, and includes it ; the one, the larger frac* 
ture, is named the fracture in the great ; the other, 
the lesser, the fracture in the small ; thus, whet« 
slate has in the great a slaty fracture, but in the 
small a splintery fracture. 

B. One traversing the other. 

In other minerals, where the fractiuce also is 
double, but in which the length and breadth are 
different, that fracture which is in the direction 
of the length is named the longitudinal fracture: 
the other, in the direction of the breadth, the 
transverse or cross-fracture. Thus, in topaz, there 
. is a conchoidal loujgitudinal fracture, and a fo- 
liated transverse or cross fracture. But in tes- 
sular crystals, where the length and breadth are 
nearly alike, we ifse» in place of the term longi^ 

tudinat 



S46 EXTERNAL CHARA.CXERS. 

tudinal fracture f priimpal fracturtt and^ ^PP^y it to 
that fracture which occurs the most frequently in 
breaking a mineral ; the other fracture, the cross 
fracture. Thus, in blende, the principal fracture 
is foliated, with a sixfold cleavage ; but the cross 
fracture is conchoidal ; and in drawing slate, the 
principal 'fracture is slaty, apd the cross fracture is 
eajrthy. 

VI. The Shape op thb Fraombnts. 

Fragments are those shapes which are formed wh^n a 
mineral is so forcibly struck or split, that masses having 
surrounding fra/cture surfaces are separated from it. 
The fragments are either regular or irregular. 
1. Regular fragments 9 are inclosed in a certain num- 
ber of regular planes, that m^et under determinate 
angles. They occur only in such minerals as 
have a foliated ^acture, with several cleavages. 
Each cleavage in these regular fragments, forms 
two opposite parallel planes, and the shape of 
the fragment depends on the number of these 
planes, and the magnitude of the angles iinder 
which they meet. Minerals with a twofold clea- 
vage, do not afford perfect regular fragments. 
The following are the varieties of regular frag- 
ments. 
A. CubiCy which occur in minerals'possessing a rect- 
angular threefold cleavage, as galena or Iqad- 
glance and rock-salt. 
B» Rhomb^idal or oblique^ngular^ which occur in 
minerals having a threefold cleavage, as calca- 
reous-spar. 
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rfiouS'Spar. Wlien two cleavages intersect 
.each other, obliqvely^, and are intersected rect- 
angularly by a third, the fragments are ob- 
lique angular in one direction, and recftangu- 
lar in another, as in felspar and selenite. In 
calcareous spar, the fragments are specular 
on every side ; but in felspar, owing to the im- 
perfect third^cleavage, only on four sides. 

C. TrapezoidaL Occur in foliated coal. 

D. Tttrahedral or tkree^sided pyramidal and octajie- 

draU occur in minerals having a fourfold clea- 
vage,, in which the folia meet under equal 
angles, as in fluor-spar. Three and six sided 
prihmatic fragments occur in minerals having 
a fourfold cleavage, in which three of the clea^ 
vages are placed under equal angles around a 
common axis,, and are rectangularly intersect- 
ed by the fourth, as in beryl. 
£. Dodecahedral. Fragments of thb form occur in 
minerals having a sixfold cleavage. Sometimes 
three of the cleavages are disposed around an 
axis, and are obliquely intersected with other 
three, as in blende ; in other instances all the 
six cleavages intersect each other under equal 
hexagon angles, and terminate in an apex, 
forming davile six-sided pyramidat fragments^ 
as in rock-crystal. 

2. Irregular fragments. 

These have no regular form. They occur in 
minerals with a single cleavage, and in all the 
varieties pf compact fracture. The following are 
: the different varieties. 

^ A. 



\ 
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A. Cunetfomif in whieh the breadtb and thickAess 
.are much less than the length, and gradually 

and regularly diminish in magnitude from one 
end to the other. It occurs in minerals pos- 
sessing a scopiform radiated fracture, as Cor* 
nish tin ore, red heniatitcf, and radiated zeo- 
lite. 

B. Splintery^ in which the breadth and thickness 

are less considerable than the length, but with- 
out diminution of magnitude from one extre- 
mity to the other. It. occurs in minerals ha- 
ving parallel fibrous, and radiated fractures, 
as in asbestus and bituminous wood. 

C. Tabular^ in which the breadth , and length are 

more considerable than the thickness, and the 
middle is frequently thicker than the sides, 
which indeed are sometimes thin and sharp. 
It occurs in minerals f^ith a single cleavage, as 
mica, also in slaty minerals, as clay- slate, and 
there is occasionally a tendency to it in mine- 
rals with a conchoidal fracture, as flint. 

D. Indeterminate angular^ in which the length, 
*l)readth, and' thickness are in general nearly 

alike, but the edges differ much in regard to 
sharpness, which gives rise to the following 
distinctions. 

a. Very sharp-edged, as in obsidian and rock- 

crystal. 

b. Sharp^edgedy as in common quartz, pitch- 

stone and jasper. 
t. Rather sharp-edged^ as in basalt and limestone. 

d. Rather blunt- edged^ as in pumice and coppw- * 
- pyrites. 

e. Blunt-edged, aa'in gypsum and steatite. 

/. Very Munt-edged, as in fullers earth and loanw 

III» 
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III. THE ASPECT OP TJttEDIStlNC^'CO^CnETIONk 

Distinct Concretions are tUosQ portions into wbidh cer- 
'tain minerah^are naturally divi<}ed, and wbicb can be se- 
parated from one anotlfer witlkopt brealBng through the 
sdlid or fl'esh part of the. mineral. The^ are separated 
from one another by natural seaftUj and frequently lie in 
different directions. When they are fery much grown 
to^^ther^ the naturad seam$ af'e scarcely visible \ ia such 
cases> hqweyer, they can be distinguished j^y^heir differ- 
ent positions and resplendent lustre. They have been 
confounded with crystals and fragments, from both of 
which, a^s is evident from th^ preceding definition*, they 
are completely different. 

Here we have to consider, 1. The shape of the distinct 
concretions, S.^The surface of the distinct concretions; aod^ 
$. The lustra of the distinct concretions* 

VII. TfiK. Shape op the jdIstikct Con^rktions. 

Distinct concretions, in regard to shape, are distinguish- 
ed into granw/ar, lamellar y and columnar » 

1. Granular distinct Concretions. 

When the conof-etidns ate tessiilai*, or hdve their 
length, breadth, and thickness nearly alike, they 
are said to be granular. Tt is the most frequent 
form of the distinct concretion. They are distin- 
guished according to shape and magnitude* 
A. In regard to shape, they are - 
a. Round granular^ which is either 

«. Sphericaly as in pea-stone and roe-stone. 
fi. Lenticular, as in red granular clay-iron- 
stone. 

I i - y* 
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y. Date^haped, which is of a longish round 
shape, as in the quartz ncfar Cullen in 
Banffshire^ and of Frieborn in Silesia. 

b. Jngulo-grantdarf which is either 

«• Common angtdo-gramdarf as in galena or 

lead-glance, and is Yerj frequent. 
^s. Longish angulo'granularf as in red hematite 
and zeolite. 
6." In regard to nrngnitudcy into 
«. Large granular, in which the size exceeds that 
df a hazel-nut, as in galena or lead-glance, 
blende, and zeoHte. 
3. Coarse granular, in which the size varies front 
the size of a hazel nut to that of a pea, as ' 
in galena or lead glance, blende, mica, and 
peastone. 

c. Small granular, in which the size varies from 

that of a pea to that of a millet-seed, as in 
galena or lead-glance, pea-stone, roe-stone, 
and black blende. 

£f. Lamellar distinct Concretions. 

In the lamellar distinct concretions, the length 
and breadth are nearly alike, and more considerable 
than the thickness. They occur frequently, but 
not so often as in the granular concretions.. 

They are distinguished in regard to direction and 
thickness. 

A. In regard to direction, they are 
a. Straight lamellar, which is either 
«. Q^ite straight^ as in straight lamellar heavy- 
spar, or 
fi. Fortification-wise bent^ as in amethyst. 

b. 
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h. Curved lamellar ^ which is cither 

«. Indeterminate eurved lamellar, when it is not 
cunred ip any particular direction, as in 
specular iron- ore or iron-glance. 

^ Reniform curved lamellar, as in red and 
brown hematite, and native arsenic. 

y, ConcetUrtcal curved lamellar, when they are 
disposed around a. central point. It is 
divided into spherical, as in calcedony and 
basalt, and conical, as in calc- sinter and 
brown hematite. 

B. In regard to ihickneas, into 

a. Very thick lamellar, when the concretions are 
upwards of half-an-inch thick, as in amethyst, 
and galena or lead-glance. 

6. Thick lamellar, when the thickness varies from 
half-an-inc}i to a quarter of an* inch. 

6, Thin lamellar, when the thickness varies from a 
quarter of an inch to a line, as in straight la« 
mellar heavy- spar and calcedony. 

\d. Very thin lamellar, from that of a linie, or the 
one-twelfth of a line, to the smallest thickness 
visible to the naked eye, as in straight lamel- 
lar heavy-spar, native arsenic, and specular 
iron-ore or iron glance. 

. Columnar or Prianyatic distinct Concretions. 

In the cohunnar concretions, the breadth and 
thickness are inconsiderable in comparison of the 
length. They are the rarest of the distinct con- 
cretions. 

They are distinguished in regai^d to direction, 
ihickneas, ahape, and position. 
A' In regard to direction, thej^ are 

09 
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a. Straight columnary as in schorl ' and calcareous 

spajr. 

b. Curved columnary a^ in columnar cla;|r iron- 

stpne. 

B. In regard to thickness, tjiev are 

a. Very thick columnar^ when the thickness ex- 
ceeds half an inch, as yi amethjst and 
prase. 

t. Thick colujfinary froi^ half-ai;i-inch to a quar- 
ter of an inch^ as in quartz and calcareous 
spar. 

c. Thin columnar, from half an inch to the 

twelfth of an inch, as in columnar clay iron- 
stoiie and schorl. 

d. Very thin coluninar, when it does not exceed 

the twelfth of a line, as in schorl. When the 
concretions become verj minute, a transi- 
tion is formed into the fibrous fracture. 

jC. In regard to shapcy they are 

a. Perfect^ columnar, when the length is consi- 

derable, and the thickness uniform from one 
end to the other, as in calcarepus*spar and 
schorl. 

b. Imperfect columnar, when the concretions are 

in general sbort, and sometimes thick jn the 
middle, sometimes at the extremities, as in 
amethyst and specular iron-ore or iron* 
glance. It passes into granular. 

c. ,CuMiform columnar, when the concretions be-- 

come gradually narrower towards one ex- 
^retpi^y, as in calcareous-spar and quartz. 

d. 
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<f. Ray shaped columnar j when the columnar con- 
cretions are compressed, as in specular iron- 
- ~ ore or iron-glance. It passes into radia^ 

ted. 

D. According to the position, they are 

€u Parallel^ as in amethyst. 
, b. Diverging^ as in schorl. 

e. Promiscuousy as in calcareous -spar and arseni- 
cal-pyrites. 

It may be remarked, that when the concretions occur 
yery much on thje great scale, as is the case in rocks of 
the trap formation, a slight alteration of terms is used. 
Thus, in place of granular we say massive f and substitute 
tabular for lamellar, and always use columnar, never pris- 
matte* 

. In several minerals, two varieties of distinct concre* 
tions, or different sizes of the same variety, occur toge- 
ther, either the one including the other» or the one tra« 
versing the other. Thus sOme varieties of schorl are 
composed of l^irge granular concretions, and these, again, 
ar& formed of prismatic concretions ; some varieties of 
straight lamellar heavy-spar, are composed of large gra- 
nular concretions, and these, again, of thip and straight 
lamellar concretions; and peastone affords another ex* 
ample of the same kind of structure, it being composed x>f 
round granular concretions, and each of these of concen- 
' trie curved lamellar concretions. 

In other minerals we observe different kinds of distinct 
concretions intersecting each other, as in amethyst, 
where curved lamellar concretions intersect prismatic 
pncretions, and in red and brown hematite, where gra- 
nular 
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nular concx^tions are intersected by lamellar concre- 
tions. 

VIII. The Surface op the Distinct Concretions. 
' Distinct concretions exhibit the following varieties of 
surface. 

Smooth, as in hematite and heavy-spar ; roughs as in 
clay ironstone; streaked^ which is either longitudinally 
streaked^as in schorl, obliquely sixeA^A, as in calcareous- 
spar, or transvirsely streaked, as in amethyst ; uneven, as 
in brown blende. 

IX. The Lustre of the Distinct Concretions. 

It is determined in the same manner as the external 
lustre. 

IV, THE GENERAL ASPECT. 

Under this head we include those characters for the 
sight which are observed in minerals in general. These 
are, the Transparency, the Streak, and. the Soiling. 

X. TiiE Transparency. 
This character presents the five following degrees : 
1. When a mineral, either in thick or thin pieces, al- 
lows the rays of light to pass through it so com- 
pletely, that we can clearly distinguish objects 
placed behind it, it is said to be tr^q^parent. It 
is either simply transparent, that is, when the 
l)ody seen through it appears sinjle, as in ^ca 

9n4 
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and selenite ; or duplicating^ when the body seen 
through it appears double^ as in calcareous spar. 
The distance of the two images is in propor- 
tion to the thickness of the specimens, and ig 
very inconsiderable in thin pieces. The duplica* 
ting property, or double refracting power of cal- 
careous spar, is observed by looking through two 
parallel planes ; but in some other minerals it is 
observed by looking through two planes oblique- 
ly inclined on each other. 

2. Stmi-lranaparent ; when objects can be discerned 

only through a thin piece, and then always ap. 
pear as if seen through a cloud. It is the least 
frequent variety of thisi character, and occurs 
most frequently in siliceous minerals. Exam- 
ples, Calcedony, common and precious opal, and 
carnelian. 

3. TVattslucent. When the rays of light penetrate 

itttathe mineral and iUuminate it, but objects 
cannot be observed either through thick or thin 
pieces, it is said to be translucent. Examples, 
Pitchstoue, quartz, granular limestone, and mas** 
sive fluor-spar. 

4. Translucent an the edges. When light shines 

through the thinnest edges and corners, or when 
the edges are illiiminated in the same degree as 
the whole mineral in the imznediately preceding 
variety of transparency, it is said to be trans- 
lucent on the edges. Examples, Homstone, he- 
liotrope,, and compact limestone. 
5« Opaque. When even on the thinnest edges of a 
mineral lio light sfajteff thvough, it is said to be 
opaque, as in chalk and cobL 



256 EXTERlfAL CHARACTERS. 



The Opalescence. 

Some minerals, when held in particular directions, re-' 
fleet from single spots in their interior a coloured shinmg. 
lustre, and this is what is understood by opalescence. It 
is distinguished into 

A. Common or Simple Opalescence^ when the lustre 

appears massive, in undivided rajs, as in cat^s- 
eye, and chrysoberyl. 

B. Stellular Opalescence^ when the lustre appears in 

six rays, or in the form of a star, as in the varie- 
ty of sapphire, named from that circumstance 
star-sapphire. This phenomenon occurs princi- 
pally in translucent minerals. 

. XL The Streak. 

By the streak, we understand the appearance wldcb 
minerals exhibit when scratched or rubbed with a hard 
body, as a knife or steel. In some instances the colour 
of the mineral is changed ; in others the lustre, and fre- 
quently neither colour nor lustre are altered. 
The streaky 

a. In regard to colour y is either ' • 

tu Similar to that of the mineral, as in chalk and 

magnetic cross ironstone ; or 
fi. Dissimilar^ as in specular iron-ore or iron- 
glance, which has a steel grey colour, but^ 
affords a cherry-red streak ; wolfram, which 
has a greyish-black colour, but a brownish 
red streak ; and red orpiment, whieh has an 
aurora red colour, but affords an orange- 
yellow streak. 
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J. In regard to lustre^ it remains 
«. Unchanged^ as in chalk. 
fi. Is increased in intensity ^ or ^ shining or glist" 
ening lustre appears in mnerals- that other* 
wise have none. Thus steatite, which is 
sometimes glimmering, becomes shining in 
the streak ; and potters clay, fullers' earth, 
. . and black and brdwn cbb^lt-pchres, which 
have no lustre, become glistening or shining 
in the streak. . 
c. Is diminished in intensity, or altogether destroyed* 
Thus, grey antimOny-ore loses its lustre in the 
streak. 

XII. The Soiling OR Colouring. 

When a mineral taken between the fingers, or drawn 
across another body, leaves some, particles, or a trace, it 
is said to WZ or co/ot^r. ■'"'•■ 

It is a character which occurs but in few minerals, and 
only in those which are soil and Tery soft. Minerals are 
said to 

1. Soil J either 

A. Strongly^ as chalk, drawing-slate^ and reddle. 

B. Slightly^ as graphite ; or 

2. Do not soilj as molybdena. 

3> Wriiej as chalk, grapbite, reddle, molybdena, and 
black chalk or drawing-slatcc 

Having now explained the External Characters which 
are observable by the sight, we proceed to examine those 
which are made known to us by the senses of Touch and 
Hearing. 

Kk V. CN4' 
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V. CSARACTMM FOB THS TOUCH. 

Hert we have to obsenre, the Hardness, the Tenacity, 
the FrangibUity, the FlezibilitT', the Adhesion to the 
Tongue^ the Unctuosit j, the Coldness, and the Weight. 

XIII. The Hardness. 

The degrees are 

i. Hard. When a mineral either does not jield to 
the knife, or is very slightly affected by it, but 
affords sparks with steel, it is said to be hard. 
It is furth^ distinguished according as it is more 
or less affected by the file. 

A. RuUting the fiU^ or hard in the highest degree, 

when it does not yield to the file, but rather 
acts on it, as diamond, sapphire, and emery. 

B. Yielding slight^ to the file, or hard in a high de* 

gree^ as in garnet, flint, quartz and caleedony, 
and very slightly to the knife. 
C' Yielding readily to the file ^ but with great dij/i^ 
eulty to the knife^ or hard, as porcelain-jasper, 
iron-pyrites, and felspar. 
8. Semihard. When a mineral gives no sparks with 
steel, and yields more readUy to the knife than 
the preceding, it is said to he semihard, as fluor* 
spar, and grey copper-ore. 
3» Soft. When a minerd is easily cut by the knife, 
but does not yield to the nail of the finger, it is 
said to be soft, as calcareous-spar, b^avy-spar, 
serpentine, and galena or lead-glance. 

' 4i 
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4. Very $ofi. A mineral is said to be very soft, 
when it yields easily to the knife, and also to 
the nail of the finger, as gypsum, steatite^ and 
chalk. 

In our descriptions of minerals, it is useful to mention 
their relative hardness, which is ascertained by trying 
whicb^ will scratch the other, by drawing the sharp edge 
or angle of one on the flat surface of the other. It is, 
however, of consequence to know, that in crystallised mi- 
nerals, the solid angles and edges of the primitive forms 
ar^ very sensibly harder than the angles i^nd edges of the 
derivative forms, or than the angles and edges produced 
by fracture, either of crystals or of massive varieties of 
the same species. This fact has. been long known to 
diamond cutters, who always carefully distinguish be- 
tween the hard and soft points of this g;em, that is, be- 
tween the solid angles belonging to the primitive octahe- 
dron,' and those belonging to any of the modifications; 
the. latter being easily worn down by cutting and rub- 
bing them with the former *. Haut, in determining the 
relative hardness, uses plates of calcareous-spar, glassj and 
quartz ; out as it would be advantageous to have a more 
complete series of minerals for ascertaining these relative 
degrees of hardness, I insert the following Table of Mi- 
nerals, arr^iged according to their hardness, the first being 
the hardest, the last the softest. I would recommend to 

^ ' mineralogists 



* Vid. Hrucvx Ann's Abhandlung von. Edjebteinen, iter Aufl.-8. 98w 4 
99, Mobs uber Haut's Mdonite, in Vom Moll's Eferm^riden der Berff 
^d Uuttenkund« 2ten Bandes, Iste Lief, s. 3. Aikim's Manual, p. ^t 
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mi&eralogisU to provide themselves with as many polkb- 
ed pieces of these as possible^ and have them^ arranged ?h' 
a frame for use. 



MINERALS arranged according to their HAaoNEss. 

1. Diamond. 

2. Sapphire. 
, 3. Zircon. 

4. Topaz. 

6.^ Precious Garnet. 

6. Spinel. 

7. Beryl. - 

8. Saussurite. 

9. Rock-crystal. 

10. Chrysoprase. 

11. Felspar. 
1». Prehnite. 

13. Actynolite. 

14. Arragonite. 

15. Fluor-spar. 

16. Apatite. 

17. Calcareous-spar. '. 

18. Witherite. 

19. Gypsum. . 

20. Talc. 

21. Chalk. ^ ' 

Obsermtiona, In examining the hardness of minerals, 
we must be careful to attend to the following circum- 
stances : 

1. 
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!• Not to confound the real hardness of the mineral 
with accidental hardness; which latter is caused 
bj ^he mixture of hard parts in fioft minerals, ■ 
and soft parts in hard minerab. 

2. When minerals are composed of distinct concre- 

tions, which are not very closely joined together, 
we must not give the hardness of the aggregate 
fi^r that of the mineral, because the hardness in 
such cases must be taken from that of the indi- 
vidual concretions. 

3. And we must be careful that the mineral whose 

hardness we wish to ascertain, is not in a state of 
decomposition. 

XIV. Th^ Tenacity. 

By tenacity is understood the relative mobility or the 
different degrees of cohesion of the particles of minerals. 
There is a series from the coherent and completely im- 
moveable, to the coherent and moderately moveable, 
which latter is expressed by malleability, and is the 
greatest degree of the mobility of the particles observed 
among solid minerals. This series continues through dif- 
ferent kinds of Quid minerals, and the greatest degree of 
the mobility of the particles^ is^found in rock-oil. The 
degrees of tenacity are, 

1. Brittle. ^ mineral is said to be brittle, when on 
cutting it with a knife, it emits a grating noise, 
and the particles fly away in the form of dust, 
and leave a rough surface, which has in general 
less lustre than the fracture. In this degree of 
tenacity, the particles are completely immove- 
able. All hard, and the greater number of se- 
mihard minerals are brittle. Example^, Quartz, 
heavy-spar, and grey copper ore. 

1 
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3. Secttle or mild. On euttbg minerals possessing 
this degree of tenacity, the particles lose their 
connection in a considerable degree, but this takes 
place without noise. The particles are coarser 
than in the brittle variety, and do not fly off, 
but remain on the knife. « The lustre is increa- 
sed on the streak. This degree of tenacity oc- 
curs in most of the soft, and very soft minerals; 
. and the only semihard mineral with this ch»« 
racier is native arsenic. Examples, Galena or 
lead*glance, copper-glance, graphite, and molyb- 
dena. 

3. Ductik. Minerals possessing this degree of tena- 
city, can be cut into slices with a knife^ and ex- 
tended under the hammer. The particles are 
more or less moveable amdng themsekes, with- 
out losing their Connection. Examples, Native 
gold, native silrer, and native iron. 

XV. The Frangibilitt. 

By frangibility is understood the resbtance which mi- 
nerals oppose when we attempt to break them into 
pieces or fragments with a hammer^ It must not be 
confounded with hardness. Quartz is hard, and horn- 
blende soft, yet the latter is much more difficultly fran- 
gible than the former. The degrees of frangibility are 
the following. 1. Very difficultly frangiblty as in native 
malleable metals, in silyer- glance or vitreous silver-ore, 
ftnd fine granular hornblende. 3. Difficultly frangible^ 
as homstone and quartz. S. Not particularly diffijcult* 
ly firan^ble or rather easily frangible^ as flint, calce- 
dony and copper^pyrites. 4f. Easily frangible^ as opal, 
€alcareou8-spar> and filuor-spar. 5. Very easily frangible^ 
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as straight lamellar heavy-spar, galena or lead-glance, 
and slate coal *• 

XVI, The Flexibility. 

This term expresses the property possessed by some 
minerals of bending without breaking. Flexible. mine- 
rals are either elastical flexiblCf that is, if when bent they 
spring back again into their former direction, as mica ; 
or common flexible, when they can be bent in difierent di- 
rections without breaking, and remain in the direction in 
which they have been bent, as molybdena, gypsum, talc, 
asbestus,' and all malleable minerals. 

XVII. Thb Adhesion to tbb Tongue. 

This character occurs only in such minerals as possess 
the property of absorbing moisture, which c&uses them to 
adhere to the tongue. ' It occurs principally Jn soil and 
very soil minerals ; it is not known in hard minefrals, and 
there is but one instance of its occurrence in semihard 
minerals, that is, in the variety of semiopal called oculus 
mundu The degrees of adhesion are, strongly adhesive^ 

as 



* Some earthy minerals, such as beryl, flint and opal, when first extract- 
ed froin their native repositories, are more difficultly frangible than after 
they have lieen exposed for some time to the influence of the atmosphere, 
ovring to their containing in these situations a considerable portion of water, 
which being a nearly incompressible fluid, renders the mineral more diffi- 
cultly frangible than it is after exposure tb the atmosphere, when the water 
has escaped, and the pores it occupied become filled with air, which is a 
highly compressible substanee^— Vid. Aisiv, p. 9. 
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as meerschaum, and oculus mundi ; prttty strongly adhe- 
sive, as bole, and potter^s clay ; feebly adkesivCy as porce- 
lain-earth, chalk, and tripoli ; and not at all adhesive^ a» 
quartz and steatite. 

XVIII. The Unctoosity. 

Some minerals feel greasy^ others ^neog-re, and in order 
to distinguish the different degrees of greasiness, the fol- 
lowing distinctions are employed. 

1. Ffry ^ea«^, as talc and graphite. 

2. Greasy^ as steatite and fullers earth. 

3. Rather greasy j as asbestus and polished serpen- 

tine. 

4. Meagre^ as cobalt. 

The greasy and very greasy minerals are generally ve- 
ry soft and sectile, and become shining in the streak. 
Mica feels smooth, but not greasy ; porcelain earth feels 
soft and fine, but not greasy. 

XIX. The CoLftNEss.*^ 

When different kinds of minerals, all having equally 
smooth surfaces, are exposed for some time to the same 
temperature, we find by feeling them that they possess 
diflferent degrees of cold. To use this character with^ 
, precision mdch practice is required ; but those who have 
accustomed themselves to it, are able, by the mere feel, to 
distinguish serpentine, gypsum, porphyry, alabaster, 
agate, &c. from one another^ and can also distinguish ar- 

tificial 



WEifiH*. ' 265 

tificial fVom true gems. It is, however, priticipalfy used 
in determining polished specimens. The different de- 
grees mentioned in the Tabnkr View are, 

1. Very cold. Examples, the Precious Stones, mercu^ 
ry, and agate. 

S. Cold. Examples, Polished marble or limestone. 

3. Pretty cold. Examples, Serpentine, and gypsum 

or alabaster. 

4. Rather cold. Examples, Coal and amber. 

XX. The Weight*. 

The degrees of \he gravity of minerals, according io 
Werner, are the following. 

1. Swimmings or hupernatant^ which comprehends all 
minerals that swim on water, and in which the 
specific gravity is tinder 1000, water r: 1000. 
Example^ Mineral oil, mountain cork, and mine- 
ral agaric, 
g. Zrt^g'At, in which the specific gravity varies from 1000 
to 3000. Examples, Amber, sulphur, and black 
coal. 

3. Not particularly heavy ^ or rather heavy^ in which ' 

the specific gravity varies from 2000 to 4000. 
Examples, Quartz, flint, and calcedony. 

4. Heavy^ from 4000 to 6000. Examples, Heavy 

spar, cqpper-pyrites, and iron-pyrites. 

5. VncimmoTidy heavy,^ fiSi minerals having a specific 

gravity above 6000. Examples, Native metals, 
as gold, silver, &c. ; ores^ as galena or lead-glance, 
tinstone^ &c. 

The first and second degrees, which comprehend the 
swiniming and light minerals, contain all the inflammable 

L 1 minerals %. 



266 EXTERNAL CHARACTERS. 

minerals ; the third, with a few exceptions, all the earthy 
minerals; the fourth, the greater number of the ores; 
and the fifih, the natire metals and a few ores. 

The preceding determination^ answer very well for the 
general descriptions of species ;. but it renders them more 
complete whin we ascertain the Specific Graviiv, by means 
of the hydrostatic balance or the hydrometer. We may 
remark, that the specific gravity of a mineral is the propor- 
tion which its 'weight bears to the weight of another 
body of equal bulk. Thus, the specific gravity of mer- 
cury is said to be to the specific gravity of water as 14 
to 1 ; the meaning of which is, that if a quantity of 
mercury, which exactly fills a certain vessel, and a quan- 
tity of water which likewise exactly fills the same vessel, 
be weighed separately, the former will be fi>und to weigh 
fourteen times as muph as the latter; so that, if the wa- 
ter weighs one pound, or one ounce, the mercury will be 
found to weigh 14 pounds, or 14 ounces. But though 
bodies may be thus compared indiscriminately together, 
yet conveniency has established the custom of comparing 
all bodies with water, the specific gravity of which is rec- 
koned one, or unity ; so that, speaking of the specific 
gravity of mercury, it is said to be 14, meaning, that 
equal quantities of water and mercury weigh respective- 
ly land 14, whatever may be their weights. 

Water is used as the standard with which all other 
bodies are compared ; because, by weighing the same 
body out of water, and in water, the specific gravity of 
that body ma}", in general, be more easily ascertained 
than by other means, and that water of the same purity 
and of the same specific gravity, may be easily procured. 
But the specific gravity of water is liable to be altered 

bjr 
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by two causes, viz. by an admixture of other substances, 
and by an alteration of temperature: Water, for in- 
stance, at iOO^ of temperature, is lighter than water at 
W y and still lighter than water at 40^.^ Therefore, the 
water which is to be used for the purpose of ascertaining 
the specific gravities of bodies must be free from hetero- 
genous substances, and must be used always at the same 
degree of temperature. Distilled water is that general- 
ly employed. 

In determining specific gravities, we use either the hy- 
drostatic balance^ or an instrument named hydrometer. 
• The HydrestatiaU Balance consists of the following parts : 
A balance, which should be so sensible as to turn with 
the 2pth part of a grain, wlien each scale is loaded with 
a weight of two or three ounces ; an accurate set of 
weights; a glass jar, about eight inches deep, which is to 
contain the distilled water ; a small glass bucket, with a 
glass handle ; and ^ thermometer. 

When we wish to ascertain the specific gravity of a 
pretty large specinu^ of a mineral which is heavy enough 
to sink in the water, we proceed as follows : We suspend 
the mineral by means of. as slender a thread as may be 
just^ sufficient to hold it to the hook under the scale, so 
as to haiig at the distance of six or seven inches below 
that scale, and by putting the weights in the opposite 
<cale, find out its exact weight in air, that is, out of the 
water. Then place the jar, about three quarters full of 
distilled water, just under the scale to which the speci- 
men is suspended ; let the mineral be immersed in the 
water, and, either by removing some of the weights from 
the one scale, or by putting weights in the other, find out 
Its exact weigtit in water. Subtract the latter weight 

from 
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from the former, and note the remainder. Lastly, di* 
vide the weight pf the mineral out of the water bj that 
remainder, and the quotient will express its specific gra- 
vity. 

Example, A specimen of native silver was found to 
weigh in air 136 grains, and in water 1^3.73 grains. The 
latter weight being subtracted from the former, there re- 
mained 12.26. Lastly, 136 was divided by 12.26, and 
the quotient 11.091 e^^ pressed the specific gravity of the 
specimen of silver. 

When we wish to ascertain the specific gravity of spe- 
cimens of minerals which are too small td be tied by 
means of a thread, we follow a differ^st practice. We 
suspend the little glass bucket by means of a thread to 
the hook of the scale and find its weight in air; then 
place the mineral which is to be be tried in it, and weigh 
it again. The former weight subtracted from the latter 
leaves the weight of the mineral in the air. This being 
done, the same operation must be repeated in water; 
that i^i let the loaded buckcft be weigjied in: water, then 
remove its contents, iand weigh the bucket alone in water. 
Subtract the latter weight from the former, and the re- 
mainder is the weight in water of the mineral under exa- 
mination. Having thus obtained the weight of that sub- 
stance in water, and out of water, we then subtract its 
weight in water from its weight in air, and note the re- 
mainder. Divide its weight in air by this remauider» 
and the quotient will express its specific gravity. 

In taking specific gravities by means of the hydrosta- 
tic balance we ought to be careful that the water in 
which the mineral is immersed be quite pure, that its 
temperature, as well asthat of the mineral, be as near 
as possible to 60^ of Fahrenheit's thermometer,— that 

' ' when 
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wpeu the mineral is weighed in water, its upper part 
ought to be a little way below the surface of the water, 
and it must not be allpwed to touch the sides or bottom 
of the jar. And, lastly, care must be had that no -bubbles 
of air adhere to the mineral under the water, for they 
would partly buoy it up, aiid thus give us an erroneous 
result 

Some mineralogists prefer the hydrometer to the ba- 
lance. Of these instruments, the best for our purpose, is 
that invented by the late Mr Nicolson,' and of which he 
gives the following description. 

Fig. 87. PL vili. A, is a hollow ball of copper ; B is a 
dish affixed to the ball by a short slender stem D ; C is an* 
other dish affixed to the opposite side of the ball by a kind 
of stirrup. In the instrument actually made, the stem D 
is of hardened steel, 1 -40th of an inch in diameter, 
and the dish C is so heavy, as in all cases to keep the 
stem vertical, when the instrument is made to float in, 
any liquid. The p^ts are so adjusted, that the addition 
of 1000 grains, in the upper dish B, will just sink it in 
distilled water at the temperature of 60® of Fahrenheit's 
thermometer, so that the surface shall intersect the mid- 
dle of the stem D. Let it now be required to find the 
specific gravity of any fluid, immerse the instrument 
therein, and by placing the weights in the dish B, cause 
it to float, so that the middle of its stem D shall be cut 
off by the surface of the fluid. Then, as the known 
weight of the instrument added to 1000 grains, is to the 
same known weight added to the weights used in produ- 
cing the last equilibrium ; so \s the weight of a quantity 
of distilled water, displaced by the floating instrument, 
to the weight of an equal bulk of the fluid under coidsi- 
deration. And these weights give the ratio of the speei- 

fie 
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fic gravities. Again, let it be required to find the speci- 
fic gravity of a solid body less than 1000 grains. Place 
the instrument in distilled water, and put the mineral in 
a dish B, make the adjustment of sinking the instrument 
to the middle of the stem, by adding weights in the same 
dish. Take those weights from 1000 grains, and the re- 
mainder will be the weight of the mineral. 

Place now the mineral in the lower dish C, and add 
more weight in the upper dish 6, till the adjustment is 
again obtained. The weight last added will be the loss 
the solid sustains by immersion, and is the weight of ^n 
equal bulk of water. Consequently, the specific gravity 
of the mineral compared with water, is as its weight to 
the loss it sustains by immersion. 



VI. CHARACTERS FOR THE HEARING. 

XXI. The Sound, 

The different kinds of sound that occur in the mine- 
ral kingdom are the following : 1. ^ ringing sounds which 
is a clear sound, as that of native arsenic, selenite and 
roqk-crystal. . Specimens to possess this property in full 
perfection, should have one or two dimensiojis» as length 
and breadth, greater than the thickness: 2. A grating 
stmndf which is a very weak rough sound, resembling that 
emitted by dry wood or fresh burnt clay when rubbed, 
and is produced when the finger is drawn across certain 
minerals, as mountain- cork and mealy zeolite : 3. J creak- 
ingjiound, which is a harsh «harp sound, as that of natu- 
ral amalgam, when pressed by the band. 

VII- CHA. 
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VIL CHARACTERS FOR THE SMELL. 

Of this we can give no definition, and shall therefore il- 
lustrate it bj the minerals in which it occurs. 
It fs observed either when 

1 . Spontaneously emitted^ in which case it is 
/ a. Bituminousy as mineral oil, aod mineral pitch. 
d. Faintly sulphureous^ as natural sulphur, 
c. Faintly bitter, as radiated grey antimonj-ore. 
, 2. After breathing on it, in which a clayey4ike smelly 

as in hornblende and chlorite, is produced. 
3. Excited by friction, 

a. Urinous, in stinkstone. 

b. Sulphur eimsy in iron pyrites. 

c. GarUckKkCf or arsenical j in natire arsenic and 

arsenic pyrites* 

d. EmpyreumatiCf in quartz and rock crystal. 



VIII. CHARACTER FOR THR TASTE. 

This character occurs principally in the saline class, for 
which it is highly characteristic. 
The varieties of it are 

1. Sweetish taste, common Belt 

2. Sweetish astringent, natural alum and rock-butter. 

3. Styptic, blue and green vitriol. 

4. Saltly hitter, natural Epsom salt. 

5. iSaltly cooling, nitr^. 

6. Alkaline, natural soda. 

7. Urinous, natural sal-amnipniftc. 
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II. 

PARTICULAR GENERIC EXTERNAL CHARACTERS 
OF FRIABLE MINERALS. 



The externdl characters of Friable Minerals form a 
particular Section in the System, because thejr exhibit 
Varieties and kinds that do not occur in solid minerals, and 
many of the characters of solid' minerals, such as frac- 
ture, distinct concretions, streak, hardness, and frangibi- 
lity, and others, are wanting. 

I. Tht External Shape. 

.. In Friable Minerals there are but few external shapes. 
The five following kinds are all that have been hitherto 
described by naturalists. 

1. Jlfcuf tt7e, as in porcelain -earth, and scaly red and 

brbwh iron-ores. 
^. Dtsseminatedy as in earthy azure copper ore, and 

blue iron-earth. 
$. Thinly coating or incrusting. It is analogous to the 

form in membranes. Examples, Copper-blacky 

or black oxide of copper. 

4. Spumou9^ 
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4. Spumous. When a friable mineral appears like 
froth resting ^on. a solid miReral, as is sometimeB 
the case with scaly brown iron-ore. 

S: pehdntu}, also ih scaif brown irdti ore. 

il. The Lustre. 

It is de^ermiaed in the lanie mctnnet as |n solid mitie'- 
irals ; w^ have here, however, the following dislinctiont. 

1. In regard to /$£^9fft/y. 

A. Glimmerings which is either strong or feeUef^ 

as in scalj brown ironstone, and porcelain- 
earth. 

B. Dull^ as in black cdbAlt ochrdi 

2, In regard to the Sort of Lustre. 

A. Common glimmering, as in scaly and bro^A 

iron ores. 

B. Metallic glimmerings as in scalj red and brow-H 

iron-ores, and Pearly glimmerings as in eatth j 
. talc. 

III. The Aspect of the Particles. 

• The particles of friable minerals appear in sdine i|N 
stances like dust, so that .we can with diflScultj distinguish 
hy the naked eye any dimensions ; these ^re called dust^ 
particles^ and occur in cobalt-crust, blue irpn-earth and 
porcelain-earth ; in othe^ two dimensions can be obser- 
ved, when they appear foliated, and these are called sccJy 
particless and occur in scaly brown and red iron-ores, 
earthy talc and chlorite-earth. 

Mm IV. The 
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IV. The Colouring or Soiling. 

Minerals colour either strongljff as in scaly red and 
brown iron ores^ and jporcelain earth ; or slightly , as in 
black cobalt-ochre. 

V. The Adhesion to the Tongue! 

This character occurs only in those friable minerals 
which are coherbg. It varies in intensity, bemg either 
fteble or strong. 

VI. The Friability. 

' Friable minerals are either host^ that is, when the 
particles have no 'perceptible coherence, as in blue iron- 
earth ; Or cohmng^ in which the particles are slightly 
connected together ; they are either yfe&(^ cohering^ as in 
|[)orcelain-earth, or sSrongly cohering'^ as in potters* 
clay. 



PARTI- 
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III. 

PARTICULAR GENERIC EXTERNAL CHARACTERS 
OF FLUID MINERALS. 



Fluid minerals possess fewer characters than friable mi- 
nerals. The fbllowing four are all that occur. 

1 . The lustre is either metallic^ as in mercury ; or resU 
fums^ as in rock oil. The lustre is always splen- 
dent. 
3. The transparency. The following are all the de- 
grees necessary for the purposes of discrimina* 
tion. 1 . Transparent^ as in naphtha. 2. Trou- 
bled or turbid^ as in mineral oil : and, 3. Opaque, 
as in mercury. 

3. The fluidity. Here we have only two degrees to 

observe, I. Fluid, ap; in mercury and naphtha; 
9. Viscid, as is sometimes the case with mine- 
ralooil. 

4. Thetvettingi by which we understand the wetting 

of the fingers when they touch the mineral. It 
is analogous to the soiling in solid and friable 
, .minerals. Mineral oil wc^ts the finger, but mer- 
cury does not. 



On 
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Ox Describing Minerals. 

Most of the species eicbibit many varieties of character 
which are generally distributed throughout a number of 
individual specimens ; henpe it follows, that in order tq 
obtain ii distinct conception of a species, we must ex- ^ 
amine not one, but many different speciinens of it. The 
descriptions of the species ought to be executed in the 
order laid down and followed in the preceding account 
of the External Characters ; that is, beginning with co- 
lour, and then the other characters, in the order there 
stated. 

The following description may serve as ap example of 
the mode of arrahging the External Characters. 

Precious Garnet- 
External Characters. 

All the colours of this mineral are deq^r^d^ i^hich al- 
ways inclines to blue,; the principal colour is columbintr 
redj which pa^es into cberry-redy and blood-reif and it ap- 
pears even to run into brownish- red and hyacinth-red. 

It rai;ely occurs massive, sometirtaes disseminated, and 
in angular pieces ; but most frequently in roundish grains ; 
and crystallised^ in the following figures : 

1. The rhopdrndal dodecahedron, which is the fitnda- 

mental figure. 
?. The rhomboidal dodecahedron, more or less deeply 
truncated on all the edges. When the truncating 
planes become so Urge as to obliterate th^ ori- 
ginal planes, there is formed the 
3. Leucite crystallisation. 
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4. Rectangular four-sided prianif acuminated on both 

extremities with four planes which are set on the 

lateral edges. 

. The fundamental crystallisation alternates from very 

large to very amall ^ the others are middU'sizedy smally and 

very small. 

The crystals are all around crystallised, and imbed- 
ded, t 

The surface of the grains is usually rougfiy uneven, 
or granulated; that of the crystals is almost always 
sm^ooth. 

Internally it alternates from splendent nearly to glis« 
tening, and the lustre is intermediate between vitreous and 
resinous. 

The fracture is more or less perfect conchotdal; and 
sometimes concealed foliated, 

'- The fragments arc indeterminate angular, and rather 
sharp-edged. 
. It sometimes occurs in lamellar distinct concretions. 

It alternates from transparent to translucent. 

It is so hard as to scratch quartz. 

It is rather difficultly frangible. 

It is heavy. 

Specific gravity, 4.230, Werner. 

Werner recommends the more essential characters of 
the mineral to be printed in a different letter from that 
of the others, in order that they may more readily strike ' 
the eye,^-a practice which is followed in the preceding 
description. 

Mineral 
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Mineral Collections. 

In arranging collections of simple minerals, the same 
method ought (o be followed as in the descriptions of 
them ; that is, all the varieties of each character ought to 
be brought together and arranged in a natural order ; 
and each series should follow in the order of the descrip- 
tion. Thus all the different kinds of colour should be ar- 
ranged together, and placed first ; next the different va- 
rieties of form ; then of lustre ; fracture ; fragments ; dis- 
tinct concretions; transparency; streak, &c. A com- 
plete collection, arranged in this way, forms a most inte- 
resting and beautiful spectacle, and it also enables us rea- 
dily to acquire a perfect and distinct conception of the 
species, however extensive it may be. 

The possession of a well arranged Collection of IVf ine- 
rals assists very much in the knowledge and discrimina- 
tion of mineral species. In the progress of our minera- 
logical studies, we should omit no opportunity of visiting 
and examining mineralogical cabinets, the collections of 
jewellers, the work shops of lapidaries, and in our walks 
and journies, every mineral that comes in our way ought 
to be examined and referred to its place in the system. In 
this island, there are already many valuable mineralogical 
cabinets, both public and private, the access to which is 
liberally granted to all those who take an interest in mi- 
neralogy. 

In Scotland, the most considerable public collections 
are thos^ of the University of Edinburgh^ and of the 

Professor 
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Professor of Natural History, which, are exhibited and 
explained during the Lectures on Mineralogy. , In the 
Hunterian Museum at Glasgow there are many valuable 
and interesting specimens of minerals. The most com- 
plete private cabinets in Scotland are those of Robert 
Ferguson, Esq. of Raith, and of Thomas Allan, Esq. 
Edinburgh. 

The Mineralogical Collection in the British Museum, 
since the addition of the Greville Cabinet, is now so 
extensive and complete, that it is considered as one of ' 
the most valuable in Europe. The collections of Sir 
Abraham Hume, Sir John St Aubyn, and of Mr Hew- 
LAND, are also very interesting, and particularly rich in 
the rarer and more valuable minerals. The Leskean 
Calnnet in Dublin, the property of the Dublin Society, 
originally of considerable extent, is dtily increasing, and 
very lately has received valuable additions by the con- 
tributions of their present Professor of Mineralogy, M. 
Gieseke *. 

CHEMICAL 



* It is to be regrett^, that there are no regular Collections of Minerals 
to be had in Edinburgh, the lapidaries confining their attention principallj 
to the cutting 'and polishing of gems, agates, &c. In London, however, the 
student has an opportunity of purchasing small collections, which will aid 
him very much in his studies. Mr Mawb, 149. 'Strand, London, has adver« 
tised Collections of this description. On the Continent, many mineral deal- 
ers prepare small assortments for the use of the student ; the best chosen 
and arranged collections of ttiia description, are those made by the Inspector 
HorrMAN at Freyberg, and by Dr Liomhard at Frankfort on the Maine. 
More extensive and costly collections are sold by Mr Hswx.Aiio.of London^ 
and alBO by Mr Mawb. 
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X HE Chemical Characters of Minerals are those we ob- 
tain hj their complete Analysis ; and the changes induced 
on them by the action of the Atmosphere, -^Water,«— 
Acids,— i-and Htat, by means of the blowpipe. In this 
Work, we shall not «nter on the varipus modes followed 
by chemists in the Complete Analysis of minerds, but 
confine oufsekes to a short account of the Chemical 
Characters obtained by the other means just enumera* 
ted. 

1. Action or THE Atmospherb. 

Many minerals, on exposure to the atmosphere, expe- 
rience considerable changes in colour, lustrey hardness, or' 
decay, fall in pieces, deliquesce^ change into vitriol, &c* 
owing partly to the abstraction of the water, which 
enters as a constituent part Into many species, partly 
to the absorption of water from the i^tmosphere or to 
the oxi4dtion of some of the constituent parts pf the mi- / 

■ peral. ' / 

2. Action / 
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2. Action of Water. 
Water either forms a chemical combination with mf- 
nerals, and completely dissolves them, as is the case with 
the minieral salts ; or it acts bj simply destroying their 
state of aggregation, when the mineral falls into small 
pieces with an audible noise, as is observed in bole : or it 
falls without noisie into small pieces, which are soon dif- 
fused through the fluid, without eitlier dissolving in it, 
or becoming plastic, as in fuUer^s earth, and some mine- 
rals, as unctuous cla;^s, it renders plastic. , Other mine;- 
rals absorb water in greater or less quantity, by which 
their transparency^ an4 also their colour, are changed^ 

3. Action of Acids. 

Acids act powerfully on many diiTerept minecals, and 
are the principal agents employed in their complete ana- 
lysis. When we wish, by meana of acids, to obtain some 
obvious characters, the dilute muriatic acid is that which 
is generally ejmployed . The native carbona(;e8 efferveace^ 
and are soluble in it. In some, aa in a^ic nunecal, 
calcareous-spar, and wither ite, the effervescence is brisk, 
and the solution rapid ; in others, as in dolomite, even 
when pulverised, the efiervescence is feeble^'and the solu- 
tion slow. Some of the earthy oiiperals which con^in 
silica, water and alkali* in a particular state of combina- 
tion, as zeolite, if pulverised, and covered with an acid> 
are, in the space of a few hours, converted into a Mifect 
Jelly, 

4. Action of the Blowpipe.; 
Common iBlowpipt* 

Xhe blowpipe is a tube of silver, copper, brass^ or of 
glass, for delivering a continued stream of air. The 

stream 
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4i;treazn being directed across a flame^ turns it more or less 
irom its vertical positioD, concentrating it at the same 
time» and occasioning a more powerful combustion. The 
air employed is generally either that oSf the atmosphere, 
or air which has been biheathed ; sometimes oxygen gas 
is made use of, and sometimes an inflammable gas, as 
the vapour of boiling alcohol. The continued stream of 
air is furnished by some apparatus, such as a pair of 
double bellows, a gazometer, a large bladder, or, what is 
most convenient of all, by bipwing with the mouth. 

Few persons, Mr Aikin remarks, are able at first, to 
produce a continued streajm of air through the blow- 
pipe, and the attempt often occasions a good deal of fa- 
tigue. . The first thing to be done is, to acquire the ha« 
bit of breathing easily, and ^without fatigue, through the 
nostrils alone ; then tp dp the samje when the mouth is 
filled and the cheeks inflated with,air, the tongue being 
at the same time slightly raised to the roof pf th^ mouth, 
itt^ order to obstruct the communication between the 
mouth and the throat. When this has been acquired, 
the blowpipe may be ppt into the mouth, and the con- 
fined air expelled thrpugh the pipe by means of. thg 
muscles pf the cheeks; as soon as the aic is nearly ex- 
hausted, the expiration from the lungs, instead of being 
made through the nost^ils^ is to be forced into the cayity 
of the mouth ; the conc^munication is .then instantly to 
be shut again by the tppgue, and the remainder c^ the 
expiration is to be expired through the nostrils. The 
~ secondhand all siab^Rquent supplies of air to the blowpipe, 
are to be introduced in the same manner as the first: 
Thus, with a little practice, the power may be obtained 
of keeping up a continued blast for a quarter of an hour, 
or longer, without inconvenience. Much depends on the 
size of the external aperture of the blowpipe. If so 

large 
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large that the mouth requires very frequent replenisbing^ 
the flame v^ill be wavering, and the operator will soon be 
out of breath ; if, on the other hand, the aperture be 
too small, the muscles of the cheeks must be strongly 
c(mtracted, in order to produce a sufficient current, and' 
pain and great fatigue of the pa|*t will soon be the conse- 
quence. An aperture, about the size of the smallest 
pin-hole, will generally be found the most convenient, 
though, for particular purposes, one somewhat l9rger, or 
a little smaller, may be required. 

Brookes^ Blowpipe. 

Mr Brookes, Secretaiy to the Geological Society of 
London, some time ago contrived a very simple and con- 
venient blowpipe, of which the following description is 
given. by Mr N^uman, the well-known artist: 

The instrument I have made consists of a strong plate* 
copper box perfectly air-iight, three inches in width and 
height, and four in length, a condensing syringe to force 
air into the box, aiid a stop-cock and jet at one end of it 
to regulatte the stream thrown out. The piston-rod of 
the condenser works through collars of leather in the cap, 
which has an aperture in the side, and a screw connected 
with a stop-cock, which may again communicate with a 
jar, blitdder, or gazometer containing oxygen, hydrogen, 
or other gases. This communication being made, and 
the condenser being worked, any air that is required may 
tbe thrown into the box and propelled through the jet on 
theflame. 

The use i?f the instrument is very simple. By a few 
strokes of the piston the air is thrown into the chamber| 

an4 
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and forms 9^ compressed atmosphere within* When the 
cock 18 opened) the air expanding issues out with great 
force in a small but rapid stream, whkh, when directed 
on the flame of a lamp, acts as the jet from a common 
Uowpipe, but with more precision and regularity^ The 
force of the stream of air is easily ad}usted by opening 
more or less the small stop»cock, and I have found that 
with a moderate charge it will remain uniform for twen^ 
ty minutes ; opening the stop-cock, or the use of the sy- 
ringe, will immediately raise it to its first strength. 

These blowpipes are very portable, not liable to in- 
jury, and answer, I believe, the expectations of all who 
have tried them, and I have made many of them for dif- 
ferent persons* The whole instrument, with a lamp 
adapted to it, packs up in a small box not mote* than six 
inches, in length and four inches in width and height, and 
there is space enough left for other small articles. I 
have fitted up boxes rather larger in siEe, with a selection 
of tests and other tseful articles in addition to thfe blow^ 
pipe, and in this state they form complete mineralogical 
travelling cabinets. 

Fuel for the Blowpipe. 

The fuel for the lamp is oil, tallow, of wax ; and of 
these the wax b the best^ the oil the worst. Tl^e wick 
should neither be snuffed too high nor too low, and 
should be a little bent at its summit /rom the blast of the 
pipe. The flame, while acted on by the blowpipe, will 
eonsist of two parts, an outer and inner : the latter will 
be of a pale blue colour^ converging to a point at the dis- 
tance of about an inch firom the nozzle ; the former will 
be of a yellowish colour, and wS0. converge less perfectly. 

The 
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The most intense heat is just at the point of the blue 
flame. The white flame consists of matter in a state of 
full combustion, and oxjgenates substances imm«^sed ia 
it : the blue flame consists of matter in a state of imper- 
fect combustion, and therefore partly de-oxygenates me- 
tallic oxides which are placed in contact with it. 

Supports for Minerals exposed to the Blowpipe. 

Various substances arc employed for supporting the 
mineral, when undergoing the action of the blowpipe. 
These are of two kinds, combustible and incombustible. 
The combustible support, used chiefly for ores^ is char* 
coal. The closest grained and soundest pieces of char. 
. coal, of elder or lime-tree, are to be selected ; or a sui>- 
port may be made of well pulverised §nd heated char-. 
coal and gum tragacanth. The gum should be dissolved 
in water, and powder of charcoal added to it, until it be- 
comes very viscid, when it is to be formed into parallelo- 
pipedsy and slowly dried. The incombustible supports 
are, metal, glass, and earth ; in the use of all which, one 
general - caution may be given, to make them as little 
bulky as possible. The best metallic support U platina, 
because it is infusible, and transmits heat to a less dis- 
tance, and more slowly, than other metals. A pair of 
slender forceps of brass, pointed with platina, is the best 
su[^ort for non-metallic minerals, which are hot very 
fusible ; for the fusible earthy minerals, and for the in- 
fusible ones when fluxes are used, leaf-platina will be 
found the most convenient. It may be folded like paper 
into any form, and the result of the experiment may be 
obtained, simply by unfolding the leaf in which it war 
wrapped up. Glass supports, are slender glass tubes, on 

. the 
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the extremity of whichvthe mineral to be examined is 
cemented by heating. Earthen supports are/ either of 
amall pieces of kyanite, or, when a kind of cupNsUation is 
to be performed^ they are made <^ boneash, in order to 
idMorb the litharge, and other impurities. 

The size of thespecimens to be used in our experiments^ 
d^nds in some measure on the magnitude of the flailie to 
whidi they are exposed. In a blowpipe haying an iqperture 
not larger than a fine pin,the piece ought not to be so large 
as a pea. A good deal also depends on the fusibility of the 
mineral ; for, if it is very fusible, a much larger piece 
may be used than when it is diflkultly fusible : in the 
one case, it may be the size of a pea : in the other, it 
should not exceed that of a pin's head. The heat first 
applied to investigate the properties of mineral substances 
should be very low, not exceeding that which exists a 
litlle the outside even of the yellow flame. At this tem- 
perature, flie phosphorescence is best extricated, and de« 
crepitation for the most part takes place, the fusible in** 
flammables begin to melt, and the metallic and most other 
mineral salts lose their water of crystallisation. The yel- 
low flame will raise a mineral to a tolerably full red heat ; 
and it is the temperature best fitted for roasting all the 
metallic ores. In the still higher degree of heat pro- 
duced at the point of the interior blue flame, although 
some minerak still continue refractory, and undergo but 
little change of any kind, yet the greater part are very 
sensibly altered. Some, as pearlstone, enlarge very con- 
siderably in bulk at the first impression of the heat, but 
are with difficulty afterwards brought to a state of fu- 
sion : others are melted only op the edges and angles i 
' imd in some, a complete fusion tal^eft place. 

Oo In 
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Fluxes for Minerals exposed to the Blowpipe. 

In examining earthy minerals with the blowpipe, no 
fluxes are required ; whereas to mo3t <£ the mct&Qic ores 
fluxes will be found at almost all times a rerj useful aii4 
often a necessary addition. The ores <^ the difficultly 
reducible metals; such as manganese, opbalt, chrome, and 
titanium, are charactmsed by the colours which the 
oxides give to glass. In all these cases, therefore, glassy 
fluxes must be largdy made use of, both to dissolve the 
earthy matter with which the oxides are generally com- 
bined, and to furnish a body, with little or no colour of. 
its own, which may receive, ftnd sufficiently dilute, the 
inherent colour of the oxide. When the object is not 
only to dissolve the oxide, but at the same time to retain 
il at a high state of oxidation, the flux .employed should 
bf either nitre^ or a mixture of this with glass of borax, 
or, still better, nitrous borax, formed by dissolving Com- 
mon borax in hot water, neutralizing its excess of alkali 
by ntttous acid, then evaporating the whole to dryness, 
and, lastly, hastily melting it in a platina cruciUe. For 
an active, and at the same time non alkaline flux, boracic 
acid may be used, ov neutral borate of soda ; aiid where a 
slight excess of alkali is required, or at least does no 
harm, common borax by itself, or mixed with a little 
cream of tartar, when a strong reducing flux is vecpiired, 
may be had ttecour^ to. For coloured glasses, t&e p^- 
per support is leaf-plating but fbr reductions ^bareottl. 
In the latter case, the ore, previously roasted, if it con- 
tain either sulphur or arsenic, is to be pulverised, and ac- 
curately mixed with the flux ; a di'op of water being then 
added to make it cohere, it is to be formed iifto a ball, 

an4 
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and deposited in a shallow hole in the charcoal, being 
also covered with a piece of charcoal, if a high degree of 
heat is required. In the easily reducible metals, a bit of 
the ore being placed in the charcoal, and covered with 
glass of borax, will, in the space of a few seconds, be 
melted by the blowpipe, luvi converted ihto' a metallic 
gMwle, imbcdd^t iit a vitreous 'soaria* In aU.caaes 
where a metaHie. g tohulc in cfbtaised, itdiould bn sepa- 
rated from the adhering scoria, and examined as to its 
malleability, ahd oilier external characters ; b^ing then 
placed a seeoAd time on the oharcaal^ b\it without flux, 
it is to be brought to the state of a gentie ebullition, du- 
ring which, the surface being oxygenatjed, will exhale ^ 
heavy vapour^ that condenses on the bloivpipe, or falls 
dk>wn xm ttie ebarcoal, in the form of a jjowder, qr of 
specular crystals, from^ the colour^ and other characters 
of which, the nature of the metal may probably be ascer« 
tained. If any suspipion is entertained of ,a portion of 
silver or of gold being mixed with the oxydable metal, 
Ae button must be plueed on an earthen support, and 
there brought to a full melting heat: by degrees^, the oxyd- 
able metal will become scorified, and will entirely sink 
into the support, leaving on the surface a bright bead of 
[fine metal^ if any such was contained in the alloy ; but 
the proportion of this last being generally very small, and 
the entire mass of the alloy often not exceeding a large 
shot, it is not unfrequently necessary to have recourse to 
the magnifying-glass to be fully convinced of the presence 
or absence of th^ fine metal *• 

As 
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Changes indwtd on Minerals by the Jdtion of the Blowpipe, 

As it is of importance to know paerticidaliy the Tariom 
dianges induced on minerals by the action of the blow- 
jHpe, we shall now give a short enumeration -of them *. 

I^-^Changes which are effected on Minerals h/ the simpk 
action of the Heat of the Blovopipsy without the Ad» 
dition of Fluxes. 

i. Appearances which are not necessarily accompanied 
with any permanent change of the mineraL 

a. Phosphorescence, There are two kinds of this phe- 

nomenon : in the one there is but a single colour, 
which is either white or red ; in the other there 
are many different colours, with a very .bright 
light, as we observe in fluor-spar and apatite. 

b. The colour of theJUtme. Thus, Celestine. or sul- 

phate of strontian, colours the blue part of the 
flame of the lamp pale red. 
ii. Appearances which are associated with permanent 
changes of the mineral. 

A. Changes which do fiot affect theform^ of the mine- 
rals 
I 

1. Alterations in the Colour ^ in which are to be ob- 
served, 
a. The tarnish. 

m. Simple 



• Vid. HivsNAN, in LiaKnAiiD*s Taschenbuch. 
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«• Simple tamiah. 

/3. Variegated tarnish. Examples, Pyrites. 
h. Total alteration of colour ^ in which the colour 
of the whole mass of the mineral is changed* 
. Thus, Yellow iron-ochre becomes through- 
out red, red cobalt-ochre blue, and lucullite 
loses its colour. 
8. DeHructian of the lustre^ of which there are ex- 
amples in white mica and foliated gypsum. 

3. Change^ or complete destruction of the transpa- 

rency. White mica, when exposed to the 
flame of the blowpipe, affords an example of 
this character. 

4. Change of the refracting power. Some trans- 

parent minerals, when exposed to the. blow- 
' pipe, become cracked in the direction of the 
cleavages, and thus experience a change in 
their refracting power. This appearance af- 
fords us 'an excellent mean of ascertaining the 
cleavage of some minerals. Example, Heavy- 
spar. 

5. Changes in solidity. 

a. Increase of hardness, as in potters clay. 
~ b. Calcination or dimintition of hardness, as iii 
calcareous- spar. 

6. Extrication of smell. 

The mineral named pyrosmatite exhales the 
smell of oxygenated mtitiatic acid. 

7. Acquiring a taste. 

Thus some, as calcareous-spar, acquire an 
allcaline taste ; others, as heavy-spar, a Aepafic 

taste; 
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taste; and some, as cdestme or sulphat of 
strontian, an acid taste. 
B. Changes which alter the FtMrm, and slightly affect the 
Substance of the Mineral.^ 

1. The loss of water of crystaHisatum^ as in borax, 

and alum. 

2. Decrepitation^ or the splitting of minerals into 

larger and smaller fragnients, with more or 
less force, and with a Jouder or feebler noise; 
hj which the water of crystaQisation of the 
mineral is converted into vapour, or the air iil 
its interstices is expanded. Two kinds of this 
character may be distinguished; in the one, as 
in galena or lead-glance; the mineral splits in- 
to large pieces, with a loud noise; in the 
other, as in rock-salt, it springs into smaller 
pieces, with a feebler noise« 

3. SMiimtion, when a portion of the mineral is 

changed into vapour, without uadiergoing any 
other change;, as is the case with ikiercury. 
^ 4. Exfoliation^ or the separation of the folia of a 
mineral from each other, by whicb its bulk is 
Increased* This is principally etused by the 
separation of ttn^ water pf crystaUisation. Ex- 
amples, Foliated gypsum, spodumene, and ra- 
diated zeolite. 
&. , mfifitesceme^ when moss-like sbfots appear on 
the planes or edges of the miwtsX. It oc- 
curs, although not in a very istrikiag lyiann'er, 
in topaz. It is probaUy ^ca^ed by the escape 
of a v«ry miAQte portion of gas. 
6. Intumescence, when the mineral increases in bulk, 
during which a number of small air-bubbles 

are 
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are formed, tiius giving to the ra^s a Bpumoua 
aspect This is caused either by the escape 
of air or vapour, or both. Examples, Meio- 
nite and lepidolite. 

7. Boilingf when, in melting, a mineral exhibits a 
bubbling motion, or appears much agitated, 
as is the case in the fusion of borax, and ba-^ 
saltfc hombknde. 

& Arborisation^ when the whde mass shoots into a 
fintioose, branched^ coralloidal, or contorted 
form, as in borax, fibrous 2eplite, gadolinite, 
and prehnite. 

9. Rounding, when the edges and angles ate melted 

and lose thereby their sharpness, as is the case 
with talc and other minerals. 

10. Glazing, when only the surface of the mineral 
melts, and it appears as if covered with a glaze 
or vamisb, as- in gr«iatite. 

11. Fritting^ when single parts of the mass are 
meked, while others remaiB unaltered. This, 
xharacter is well seen in those varieties of 

compact felspar which are mixed with quartz. 
It often enables us to discover Intermixtures 
in .minerals wbieh otherwise would escape our 
notice* 

12. Imperfect fusion^ when the whole mineral runs 

into an impscfect tenacious mass, and there- 
fore doeat^-fonn a globule, as in chlorite. 
IS^.Perftd fimion, when the whole mineral is per- 
fectly melted, and forms a globule or bead, as 
in fekparattd borax. 

14. 
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14. Cvj/BtaUisaiion^ ^hep a mineral, after it hnm 
been fused, and begins to cool, assumes a re- 
gular external form.; Examples, Brown and 
green lead-ores, and carbonate of soda. 

C. Changes which alter the Form and Substance of the 
Mineral. 

1 . The burning or oxidation^ when a part, or the 
whole of the mineral unites with oxygen, du- 
ring which the following appearances are to be 
distinguished. 

a. The glowingy djuring which there is a slow 

combustion, and volatilisation of the com- 
bustible, but without flame or smoke, as in 
glancd-coal. 

b. The Jlamng. Rapid combustion^ with flam^ 

in which we have to notice the different co- 
lours of the flame, as in black, coal, 
c The smoking. Volatilisation of the mineral 
with smoke, which is again readily deposi- 
ted on cold bodies. Examples, Black coal, 
and native antimony. 

d. The oxidation or caleituUionf which is the con« 

version of a mineral into an earthy metallic 
oxide, either on the surface, or through the 
whole mass of the mineral. 

e. The vitrifieationj or the conversion of the mi- 

neral into a glassy metallic oxide. 

/. The jcoaking. The conversion of. a mineral 
into a coak, as m bla<ik ooaL 

g. The incineration. The conversion of a mine- 
ral by combustion into ashes, which occurs 

ki 
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ib some instances only on the surface, as in 
glance-coal ; in others, again, throughout 
the whole mass, as in brown coal, and some 
kinds of black coal. 
8. The redfuctton, when the mineral is reduced to 
the metallic state, as white lead-ore by the 
escape of parbbnic acid, tinstone by the ab- 
straction of its oxygen, and cinnabar by the 
escape of its sulphur. 

In heating minerals without addition before the blow- 
pipe, we have further to attend to the other conditions of 
the occurring phenomena. 

a. The tinie in which they precede each other, whe« 
ther they follow, 
«. Very quickly. 
fi. Quickly, 
y. Slowly. 
). Very slowly. 
b» According as <me or several occur. 

d. When a mineral shews but one of the above* 
mentioned phenomena, as in the melting of 
compact felspar. 
/3. When many occur in succession, as in the bub- 
bling, boiling, and melting of borax. 
y. When many occur at the same time, as in black 
coal, when smell, flame, smoke and coakiog 
occur together, 
c. The degree of alteration which a mineral experi- 
ences, is either 
flc. Greats when a greater portion of the mass is al- 
tered. 
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^. iSWZ^ when a sQfdl part of the ntneral u clian^ 
ged. 
JL The MniversaUty of tht chamge; io' which respect 
they are said to be 

«. Compkte, when it' refers to all the constituent 
parts of the whole mineral, as in' native anti- 
monj^ which is entirely volatilised in the form 
of smoke. 

fi. Partial^ when the change is only in part, not in 
all the constituents of the mineral. Thus, in 
antimonial silver- ore, the antimony is volatili- 
sed, bnt the silver remains ; and |n glance-coal 
the coaly paiis disappears, while the earthy 
parts remain behind in the form of ashes. 

IL'^Changes effected on Minerals when mixed with Flujces, 
or reducing agents, arid exposed t& the Heat of the 
Blowpipe. 

i. Fluxes. 

Various kinds of fluxes are used in assisting the 
melting or fusion of the mineral ; some of which, 
under certain circumstances, act as reducing 
agents, others, as nitre, as oxidising agents. 
They are first pounded, and those which have 
water of crystallisation are deprived of it by 
heating, and either ground fine with'the mineral 
to be examined, and a portion of it, dry or moi- 
stened with water, is brought before the blow- 
pipe ; or the flux is first brought to a state of 
complete fusion, and the mineral, either in the 
state of powder, or in small pieces^ is thrown 

into 
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into the liquid fiux, and the blowing is continue 
ed. 

a. The principal fluxes are ^he following : 

1. i?^d feai, for many earthy minerals. 

2. Fluor-spar^ which is a good test for gypsum» 

with which it forms an enamel. 

3. Gypsum, whieh is an excellent test for fluor- 

spar. ' 

4. Borax f which is of very general application in 

earthy and metallifei:ous minerals, sometiofies 
as a flux, sometimes as a reducing agent. It 
is used with most advantage when in the 
state of glass. 
$. Borax-nitrey or borax in which its excess of al- 
kali is saturated with nitre. It Is an excellent 
fluXi particularly for metalliferous minerals. 

6, Carbonate of Soda, an ekcelleni test for siliceous 

minerals. 

7. Carbonate of potash, 

'8. Microcosmic sail. A very generally useful flux. 
v9. Glass of j^Qsphorus, yrhich is phosphoric acid in 

the state of glass. 
10. NitrCy a flux particularly, fitted for inflammable 
, minerals, and also a powerful flux for metallic 
minerals. 

All the different kinds of flux, with the ex- 
ception of nitre and borax-nitre, which defla- 
grate with charcoal, may be used with any of 
the usual supports. 

ii« Redming Agents. 

L These dther abstract oxygen from the mineral, or 
protect it from the action of that gas. 

Charcoal, 
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Charcoal, which is usei as a sspppf^t, acts in this 
way 9 but charcoal powder is much mgre effica- 
cious. Oil is sometimes also employed as a 
reducing agent* when it is mi^ed with the mi- 
neral in a finely pounded, state. 

In' treating minerals with flu:^es and reducing 
agents, we have further to observe, 

lii. Their relation to the Fluxes. ^ 

' Here we have to attend to 

a. The solubility or insolubility of minerals in the 
fluxes. During the solution we have to. ob- 
serve, whether' it is effected calmly; with 
the evolution, of gas, as in the solution of 
grey manganese ore in borax; or with a 
'kind of intumescence; and we have also to 
notice whether it is effected quickly or slow- 

h. The colouring of the fiuxj in which is to be 
noticed, 
«. The Jcind of colour which the melted mass 
assumes. Thus borax becomes smalt>blue 
when nielted with cobalt-ochre ; of a hya- 
cinth-red coloyr, vrhen melted with a small 
portion of grey manganese-ore ; but of a vio- 
let-bliie colour, when a greater portion of 
that ore is used ; and black with other mi- 
nerals. 
fi. 'The degrees of fixity of the colours. It is in 
this respect 
1. Fixedf as in the blue colpurs which borax 
communicates to glass. 

2, 
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•'S. Hvanesjcentf when the colour remains- as 

long as the mineral is in a state of fu- 

sion, but disappears on cooling. Thus 

glass of borax». in which a ferruginous 

mineral has been dissolved, has a green 

colour when in a state of fusion, but 

which disappears on cooling. 

S. Changeable, when the colour of a glass is 

changed according to the part of the 

flame in which it is held. Thus glass of 

borax, with a little oxide of manganese, 

is of .9 violet-blue colour when kept in 

the oxidising part of the flame ; but loses 

this colour when exposed to the reducing 

' part ofihe flame. 

, The Reduction ofihe minerah in thejlmes, or re- 

ducing agents, which, is either 

«. Perfectywhen all the parts of the mineral tare 

reduced. 
#. /mper/fc^.wben only part^is reduced. 



ill.—- TA^ various Products obtained by the action of the 
Blowpipe on Minerals. 

Thej may be divided into the following kinds: 
A. Glass, which is a more or less transparent sub- 
stance, with a smooth surface, conchoidal- frac- 
ture, and vitreous lustre. It may be distinguish- 
ed in regard to 
1. Density, into 
. a. Compact glass. 

. ■ ». 
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ft.. Vmcular glass; vititfa single ▼esScular cavities. 

c. Spumoua glass, with so manj vesicular cavi- 
ties AS to. give the mass a spumous chftracter, 
as in obsidian and. pitchsteoe. 
2. Trantpavena/j into 

a. C/ear gilii««, which ktranspiurent. 

ft. CUmdGi glassf with tranqparent places, but 
partially clouded* 

c. Muddy gloat, which is only translucent. 

B. Enamel, which is an opaque body, with smooth 

surface, conchoidal fracture, and a vitreous lustre, 
sometimes inclining to waxy. It is distinguish- 
ed in* regard to 

1. 'Deneity, into 

a. Compact, as in gypsum, 
ft. Vesiculari with single vesicles, 
c. Spumous, with many vesicles, as in fibrous 
zeolite. 

2. Colour, which is 

Snow-white, as . in gypsum, fibrous zeolite and 
gypsum ; greenuh-white, as in nephrite. 

C. Slag, which is generally an opaque, seldomer a 

translucent body, with the surface full of holes. 

In regard to , 

LiUcnnty, it is . ^ . 

a* .Campqjct. 

i. V£$iqular. 

c. SpumMis* ^ • 

ii. Lustre, it is . 

a. DulL 

ft. Glassy. 

€• MetaUitf 
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a. Black* 

b» Brownf &c. ^ 

iv. In regard to the imgnet^ it is 

a. Attracted bjf the magnet^ at in the slag of chlo- 

rite^ and seveid yarieties of mica. 

b. Not attracted hy the magnet. 

D. Friti which is a body exhibiting on its fracture*^ 

surface parts vitrified and parts unvitrified. Here 

the colour ako is to be attended to. 
£t Regulfis^ which is a metallic globule. 
F. Ochre, an earthj-like metallic oxide, in which thid 

colour is to be attended to. 
6. Cook, is common black coal after the dissipation 

of its more volatile parts. 

H. Charcoal, is a black, light, feebly glimmering, 

easily incinerated, hydro-carbonated body. 
I. Ashea. 

K. Incrustation^ which is a fine dust-like powder, de- 
posited during the volatilisation of a mineral on 
its support, or upon a. cold body held over it. It 
miiy diffeif in kind : 

1. Soot, a black or brown coaly substance, formed 

from black coal, &c. 

2. Sulphur. 

3. Metallic oxides, in which we have to attend to 

the 
a. Kind of colour, which is 

«• White, as in antimonial and arsenical in- 
crustations. 
fl. iTellovo, as in incrustations of lead.' 
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J. Degree ofjixity of the coltnirs^ which is 
«. Fixed, as in incrustations of antimony. 
fi. CAan^eoi/e*, at different temperatures. Thus 
bismuth-crust or incrustation continues of 
a jeUow colour, as long as the flame plays 
upon it.; but becomes white on cooling; 

IV.— CAangfer that take place in the Products after the Ex^ 
periments arefnished. 

Thus heavy- spar may be melted so as to foml an ena- 
mel ; but thb enamel is not durable, as it falls to pieces 
a few hours afler it haa cooled. 
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Jt^HTsicAL Characters, and* thitee deriired from physical 
pbenomena, originating from the mutual action of mine* 
irals aiid other bodies. They are highly curious in a ge« 
neral view^ but are seldom useful in the.- discrimination of 
minerals, as they ooeur in but few species ; and in these 
rare cases* the same physical prop^ies are met with in 
very different species. The principal physical characters 
trhkh occur among minc^alsi are Electricity^ Magnetism, 
and Phosphorescence. 

I. Electricity. 

It is weU known that there are two kinds of electrlci« 
ty $ the one named positive or vitreous, and the other ne«- 
gative or resinous. 

Electricity.can be excited in minerals in three differ* 
est ways, — ^by friction, by heating, or by communica- 
tion with an electrified body. The greater number of 
nun^iwls which are capable of becoming electrical, acquire* 

this 
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thb property bj friction. Earthj, saline, and metallic 
minerals, tn this way become positively electrified ; where- 
as inflammably minejr^ became negatively electrified. 
Some minerals by tliis proi^ess become yery easily and 
powerfully electric, while others become electric with 
difficulty, and exhibit but faint traces of it. A few mi- 
nerals become electrical by heating, and these belong tq 
the number that also exhibit electrical -properties by fric- 
tion. It has been ascertained, that these minerals havQ 
at least two points, of which the one is the seat of posi- 
tive, and the other that of negative electricity. To these 
points, which are always placed in two opposite parts of th^ 
mineral, Hauv gives the pame of electric poles. In order 
to distinguish these poles from each other, the foUowjug 
simple af5paratus, figured in PL VII. Fig. 84. is employed. 
It consists of a needle of silver or popper, having at eacl| 
end Iwo small balls, ^z, bi This needle, like the commba 
compass-needle, is moveable upon a [Mvot, or stem, ha« 
▼iiig a very fine point, and at the botloni a broad base or 
fbot. This stenoi with the needle, arse insulated by pladng 
them upon a cylindrical support of resin. To use this 
apparatus,' we place a finger of the left hand on- the foot 
or base of the upright stem, and taking into the right 
hand a stick of sealing-wax which h&s been rubbed, pre-w 
sent it, during a second or two, at a small distance ttom 
the stem ; this being done, we withdraw first the finger, 
and afterwards the stick. In this way, the needle will 
be found positively electrified, in such a manner that, ac- 
cording as we approach to one of the balls, the nega- 
tive or the positive pole of a crystal become electric by 
heat, the b^ will be attracted or repelled. The eleetri- 
city \)f the needUe witl hie preselrved a quarter of an hour 
pr 'longer, and we may, while generating it^ reader it ei- 

J^iei: 
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%h^r v^ Sensible or yay weak, bj varying the distance 
]>etween tb« stem and the 3tick of sealing-wax. 

Tourmaline id tbe.. mineral in which the property of 
becoming electric by heat was first observed. It crystal- 
lises in prisms, which are frequently nine-sided, and acu- 
minated with three^ six or more planes. At the ordinary 
temperature of the atmosphere it becomes electric by 
friction, a^d the electricity which it thila acquires is al- 
jRFays positive or vitreous^ when two tourmalines are 
rubbed against each other,' the one is electrified positive- 
ly and the other negatively. But if the tourmaline is 
heated, it becomes electric ; and if its two ends be after« 
wards approached alternately to the little ball, we shall 
observe, that the one attracts, and the other repek the 
ball, from which we may ascertain the poles wherein the 
respective electricities reside. If onie'of the poles of the 
tourmaline be hek} near light bodies, such 9e graina of 
4ishe3 or saw-dust, these minute* bodies will be attracted 
to the stone, and sometimes rolled as soon as they have 
touched it. When two toukinalines are presented to one 
another, so that the two positive or the two negative 
poles are towards each other, they will mutually attract 
one another ; but if two opposite poles are presented to 
one anotl^r^ tbey will mutqallyrepel each, other. In 
order to make, this experiment with success, the two 
crystals sjioald be .either balanced on a fine pivot, or sus- 
pended by a delicate fibre, or, what is the simplest me- 
thod, floated upon two pieces of cork. When the two 
tourmaliiies are heated, tie one of them upon a flat piece 
of c<»k, and present to one of its poles the two poles of 
another tourmaline in succession. When tvifo similar 
poles^are towards each o^her, the flpating toumHaline will 
l^rn round and present the opposite pole ; and when two 

opposite 
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opposite 1 poles are presiented to each other, the floating 
tourmaline will follow the other in all its motions, just 
like a floating-needle guided by the action (^ a mag- 
net. 

Tourmaline exhibits electrical properties by exposure 
to heats from 99i<* to 212® of Fahrenheit. When, how- 
ever, it is more and more heated, there is a term when it 
ceases to exhibit signs of electricitj. It often happens, 
that after withdrawing it from the fire. We are obliged td 
leave it to return to a moderate temperature before it ex* 
hibits any action upon light bodies presented to it. << It 
would seem, (sajs Hauy,) that beyond the term where its 
electricity has become insensible through the action of 
too strong a heat, there is another where its effects are 
reproduced in an inverse sense. We have caused the foci 
of two burning-glasses to fall upon the extremities of a 
tourmaline, and have obserVied that each pole, afler ha- 
ving acquired its ordinary electricity, would next cease 
to act, and, lastly, would pass to the opposite state ; so 
that the attraction, aftar having become zero, would give 
place to repulsion, or reciprocally.'* 

If a tourmaline be broken when in astateof exdtatiOB 
by heat, each fragment, however small it maybe, has 
two opposite poles, — ^a phenomenon analogous to what 
takes place in a broken magnet. 

In the tourmaline, the electric density diminishes ra- 
pidly from the summits or poles towards the middle of 
the crystal, and is almost nothing throughout a sensible 
space towards the middle of the prism. The greatest 
density which resides in the pkysitive and negative poles, 
M near the summits. This distiibution is analogous to 
that of the electric fluid diffused al)put a cylinder. It 

may 
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may b^ rendered perceptible to a certain degree, by 
moving a tourmaline backwards and forwards, that haa 
one of its planes opposite one of the, balls of the little 
needle : we shall observe, that this ball has a marked ten- 
dency towards one point of the mineral ; but when the 
needle points to the middle of the prism, so that it is 
equidistant from the two poles, the needle will have no 
motion except a mere fluttering given to' the ball. 

Havy has ascertained, that the polarity which the 
tourmaline and other minerals receive from heat, is rela- 
ted to the form of their secondary crystals. The oppo- 
site and corresponding ends of crystals are generally si- 
milar, both with regard to the number, to the disposition, 
and the figure of their planes. The forms of crystals, 
however, that become electrical by a change of temperax 
ture> deviate from this symmetry of form ; so that the 
poles, or parts of the crystal where the opposite electri- 
cities are situated, although they are similarly situated at 
the two extremities of the secondary crystal, yet di& 
fer in their configuration ; one of them undergoing de- 
crements which are evanescent on the opposite end, or to 
which decrements correspond that are subjected to ano- 
ther law, — ^a circumstance which may enable an observer 
to predict beforehand, simply from the inspection of the 
crystal, on which side either species of electricity will be 
found, when the crystal shall be submitted to the test of 
experiment. Thus, in the variety of tourmaline called 
iiogtme^ which is a nine-sided prism acuminated on one 
extrejnity with three planes, and on the other with six 
planes, experiments prove,, that the first summit is the 
seat of resinous electricity, while the second manifests 
vitreoQS electricity. 

The 
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Th^ same deviation from the rules of sjmmetry id tbe 
- secondary form of crystals, has been observed in the octo^ 
sezdecimal topaz. 

But of all the crystals that exhibit this co-relation b^ 
tween the exterior configuration, and the electric agen^ 
cy, the most remarkable are those which appertain to the 
bofacitCy whose form is, generally, that of a cube trun- 
cated on all its edges, and. also on the angles. Here the 
two electricities act according to the direction of four 
axes, each of whicli passes through two opposite solid 
angles of the cube» which is the primitive form. In 
one of the varieties named^ defective baraciU^ one <^ tbe 
two solid angles situated at the extremities of tbe same 
axis, is entire ; * the other is truncated. Now, nega- 
tive or resinous electricity is evinced at the angle which 
has not undergone any alteration ; and poiltive or vi- 
treous electricity at the truncated angle; thus making 
eight electric poles, four for each species of electric 
city. 

** We may now ask,^ says Havy, " wbQt)ier, in the 
midst of the imposing apparatus of our ai:tificial ma- 
chines, and of that diversity of phenomena which it pre- 
sents to th& astonished eye, there is any thing more cal- 
culated to excite the interest of philosophers, than these 
little electrical instruments executed by crystajlisallon; 
than this combination of distinct and contrary actions^ 
confined within a crystal whose greatest dimension is 
probably less than the twelfth of aYi inch ? ^nd here the 
observation we have so often previously made recurs to 
the mind with additionar force, that those productions of 
nature which seem desirous to conceal, themselves froni 
our notice, are they which may reward us most liberally 

for 
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for a doser naminaiion.'^ Haux's Natural Philosophy, 
from p. 42&. to 436* vol. i. 

The thii*d mode of exciting eleetricitj in minerals, or 
that bj communicatiein, occurs only^in minerals whick 
are in i| pure metallic state. 



tl. Maonbtism. 

Very few minerals are magnetic : it is a characteif 
which occurs principally in ores of iron, or in such mine- 
rals as contain a portion of metallic iron, or iron in iht 
state of black oxide. 

A good many minerals, after exposure to the blowpipe^ 
become magnetic. 

III. PnOSFtlOR^SCENdti. 

Some minerals, when robbed or heated, emit in the 
dark a more or less shining light, or are said to be phos* 
phorescent. Thus, yellow blende, when scratched with 
a hard body, emits a strong light. When two pieces of 
quartz are forcibly struck against each other, both be- 
come luminous ; and fluor-spar, when heated, becomes 
phosphorescent, or occasionally exhibits this property at^ 
ter having been exposed to the sun's rays. 
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GEOGNOSTICAL AND GEOGRAPHIPAL 
CHARACTERS. 

These characters are derived fnnn the geognqstical 
retations and geographical distribution of the species. 
We shall in another work shew, that simple minerah are 
not irregularly distributed throughout the crust of the 
earth. On the contrary, that particular species very of- 
ten occur together, and in the same formation ; that some 
species are met with in nearly all the formations of rocks, 
others only in a fbw members of the series, while some are 
confined to a particular rock \ and that certain beds and 
formations are characterised by the simple minerals they 
cx>ntain. In their geographical distribution, numerous 
interesting relations will be pointed out, of the grouping 
qf particular species in limited tracts of country ; of the 
wider range of othei^s through whi^e regions; and of 
the distribution of spi^cies according to distan^ffiram'^lHi 
f (|uator, and particular meridiains. 
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